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PROCEEDI NGS
[ Tine noted: 8:35aml

CHAI RVAN HALL: | call the session back to
or der.

Before | call the first witness of the day,
yesterday during our testinony, we had a w tness, one
of our investigators, discuss -- I'msorry. The first
wi tness who was a junp seat rider on Flight 1181, USAir
Flight 1181 from Charlotte to Chicago, discussed what
was an unusual noise that was reported during that
flight.

W woul d request this nmorning if there are
any other passengers that were on Flight 1181 from
Charlotte to Chicago on Septenber 8th, 1994 that have
any other information that they think mght be
beneficial to this investigation, to please contact the
Nati onal Transportation Safety Board at our offices in
Washi ngton, D.C

They can contact M. Tom Haueter or nyself,
M. JimHall, if anyone was a passenger on that flight
and woul d have any other information that they thought

m ght be of benefit to this investigation in regard to
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any unusual noises or information they mght have on
the flight. This is the flight that preceded the
accident flight.

In addition, it was requested by several
individuals | spoke to last evening -- and | do not
know i f we have any nore -- do we have any nore videos
this nmorning today, M. Haueter, that are going to be
shown?

MR HAUETER.  Maybe at the end of the day.

CHAI RVAN HALL: If we do have any nore video
that we ask the hotel people if they can assist us by
dimmng the lights so that the videos can be seen as
clearly as possible by the individuals in the room

Wth that, we wll begin by calling our next
w tness, M. David Rusho, a Boeing 737 Flight Contro
Specialist with the Boeing Commercial Airplane Goup in
Seattle, Washington.

(Wtness testinony continues on the next

page.)
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MR DAVID RUSHO, B-737 FLIGAT CONTROL SPECI ALI ST,
BOEI NG COMMVERCI AL Al RPLANE GROUP

SEATTLE, WASHI NGTON

(Wher eupon
DAVI D RUSHO,

was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and
testified on his oath as follows:)

CHAIRMAN HALL: M. Schleede, if you wll
pr oceed.

MR, SCHLEEDE: M. Rusho, give us your full
name and busi ness address for our record, please?

THE WTNESS: Yes. M nane is David Edward
Rusho and ny business address is the Boeing Comercia
Airplane Goup in Seattle, Washington, Post Ofice Box
3707 98124.

MR SCHLEEDE: And what is your position at
Boei ng.

THE WTNESS: M position is a |ead engi neer
and post-production engineer, which is, airplanes no

| onger being produced in the production |ine at Boeing,

CAPI TAL HILL REPORTING, [|NC.
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so basically the airplane I work on are the 707, the
727 and 737-100 and -200.

In that capacity, |'mlead engineer for
flight controls of those airplanes.

MR SCHLEEDE: Can you give us a brief
synopsi s of your background and education that
qualifies you for your present position?

THE W TNESS: | have a bachel or of science i
nmechani cal engineering from Washington State Universit
in 1958 and a P.E. license in nechanical engineering
for the State of Washington in 1976. | have 37 years
W th Boeing; five years instructional tests working on
the 737 and 707. | have 24 years in project design,
primari Ly in flight controls, mechanical design, where
I've worked on the 707, 727, 737, 757 and 767.

The past eight years |'ve been working in
post - producti on engi neeri ng.

MR SCHLEEDE: Al right. Are you a
desi gnated engineering representative?

THE WTNESS: No, |'m not.

MR SCHLEEDE: kay.  Thank you.

Ms. Keegan will proceed.

CAPI TAL HILL REPORTING | NC
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MS. KEEGAN: Good norning, M. Rusho

THE WTNESS: Good norning, M. Keegan.

MS. KEEGAN. What was your role in this
i nvesti gation?

THE W TNESS: | was asked by our Boeing Air
Safety Goup to participate in this investigation to
| ook at cables. And | was under the direction of M.
Keegan and the NTSB.

MS. KEEGAN. Wiy was it inportant for you to
| ook at the cables? Wat was the purpose of you
| ooki ng at the cabl es?

THE WTNESS: The purpose of the cabl es,
primarily, to see if there's any preexisting cable
failures prior to the incident which -- you know,
preexisting, if cables had been broken prior to the
incident. And also, we hope to gather information to
possi bly determine positions of the surfaces that these
cables control.

MS. KEEGAN: Ckay. First of all, could you
describe in detail how you went about identifying the
different cables and then how you went about | ocating

them and reconstructing them to their proper |ocation?

CAPI TAL HILL REPORTING, |NC.
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THE WTNESS: Ckay. The cables that | |ooked
at were the aileron bus, the spoiler and the rudder
cables. Now, to really understand these cables, we
shoul d put the viewfoil up.

MS. KEEGAN I's that Exhibit 7-J?

THE W TNESS: 7-J, page 7.

MS. KEEGAN Dave, could you turn toward the
m crophone when you speak?

THE WTNESS: Yes. (kay. | guess | can't
use this pointer.

CHAI RVAN  HALL: | believe you can take that
m crophone over it's hol der.

THE WTNESS: Can you see that pointer?

M5. KEEGAN: No. Not from over here.

CHAI RVAN HALL: M. Purvis, do you have
anot her pointer?

MR PURVIS: They're going to get it now

CHAI RVAN HALL: Ckay.

THE W TNESS: First of all, 1'd like to say
that | participated in this investigation in four
phases and those four phases involved going to

Pittsburgh to | ook at these cables. In the first

CAPI TAL HILL REPORTING |NC,
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phase, | was told to look at the aileron bus and
spoiler cables. Now, if you |ook at the diagram up
there, you can see the aileron bus cables are the ones
that are called ABSB and ABSA on the left-hand and on
the right-hand. What these cables are, they cone from
a power control unit located in the wheel well, and
they go out on the rear spar to the aileron and they
drive the left-hand aileron and the right-hand ail eron.

And the reason we call those bus cables is
because they basically link the |left-hand and right-
hand systens together, so they work in concert.

CHAI RVAN HALL: Sir, it would help us if you
would just -- if you would on each one of these,
although it may be elenentary information to sone, if
you'd tell us where the aileron is located on the
ai rpl ane and on each one of these where you're going to
be describing the cable and what's functioning.

THE W TNESS. Yes, sir. Ckay.

The aileron is on the trailing edge of the
W ng outboard of each wing. There's one aileron in
each wing. There's the right-hand aileron and there's

the left-hand ail eron.

CAPI TAL HILL REPORTING |NC,
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The bus cables conme form the power control
unit in the wheel wells, and I'Il point to it. That
says aileron power control units right in the mddle of
the picture there, right there. That is controlled by
the pilot's control wheel through a cable system that
goes down the body. The cable system goes through the
body to the wheel well.

Ckay. Her e. |'ve got sonething here if |
can figure out how to use it.

Ckay. Here we go.

So here is the control cables that go back to
the wheel well and drive the power control units, which
drive the aileron bus cables, which drive the aileron.

The reason we wanted to | ook at the aileron
bus cables is that is an inportant |inkup between the
power control units and the ailerons and we wanted to
be sure that that linkup had integrity. So the first
thing we did was |look to see if those aileron bus
cabl es had any preexisting failures.

W located themin the -- they were in the --
this weckage was in a hangar at the Pittsburgh Airport

and we had the wings, the remains of the w ngs, left-

CAPI TAL HILL REPORTING | NC
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hand and right-hand wings. The rear spar were in place
and these aileron bus cables were attached to the
quadr ant s.

So we lLocated these bus cables, identified
them and then after we identified them and neasured
themin place and | ooked at the fractured ends to see
if there was anything other than tensile overload, we
then took them out of the airplane and laid them out
and neasured the length as exactly as we could. And
then we were able to reconstruct it, based on the
drawi ngs, the relative position of these cables
relative to the airplane.

The spoiler cables simlarly cone from what
we call a spoiler mxer box. Now, there's a difference
in these cables. These cables here are 3/16, the bus
cables, the largest cables and only large cables in the
ai rpl ane. The spoiler cables are 3/32.

Now, in this diagramit looks like there's
only one cable out here, but this is just for the
denonstration. There's actually one spoiler cable for
each spoiler. The spoilers are on top of the wing and

these are flight spoilers. These only drive the flight

CAPI TAL HILL REPORTING |NC,
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spoi l ers. There's two flight spoilers on the |eft-hand
wing and two flight spoilers on the right-hand
W ng. And each -- one cable set drives each
spoi l er.

And fromthe m xer, each one, the |eft-hand
goes out to the left fromthe m xers. The right-hand
goes out to the right fromthe mxer also. And this
again, cones froman input fromthe aileron control
wheel s.

In addition, we have a speed brake input to
the mxer, so we can use these as speed brakes in the
air. Again, the inportance of this spoiler -- finding
the spoiler cable is to determne if there was any
precondition failure because if they would fail, you
woul d have the spoilers pop up slightly. And part of
our exercise here and our investigation was to
determ ne what these cables condition was.

W were able to find a very small anount of
the cables attached to the spoilers and they were --
the center portions were all gone. W weren't able to
find any of the spoilers.

But on the aileron bus cables, we were able

CAPI TAL HILL REPORTING |NC,
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to find practically all of them even some of the
shorter sections in the wheel well.

Wien | went to Pittsburgh the first tine, |
took a netallurgist along, a Boeing netallurgist. And
what he did, he |ooked at all of the broken ends of all
the cables that we could find in this aileron bus and
the spoilers, as well as a whole bunch of cables that
were -- of all the cables that were in the hangar. He
never found anything other than tensile overload
fractures on these cables. And we sent sonme of these
back to the NTSB that we had el sewhere. They al so
| ooked at those.

So that was the way we reconstructed the
ail eron bus and spoiler cables.

Now t he rudder cables was a different story.

Ch, | mght add that to do this | took a
second trip to go back and reconstruct the aileron bus
cables. And on the third trip |I went back to
reconstruct the rudder cables.

Can you put up that other viewfoil there?

(Pause.)

Here's a rudder cable system

CAPI TAL HILL REPORTING |NC,
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CHAI RVAN HALL:  What page nunber, please?

THE W TNESS: | think it's 6.

M5. KEEGAN: That's correct. That's page 6.

CHAI RVAN  HALL: Page 6 in Exhibit 7-J is what
we have on the screen now.

Pl ease proceed.

THE WTNESS: Ckay. The rudder panels in the
cockpit have push rods going back to quadrants, two
quadrants, and each of these quadrants have a cable
attached to it that go the entire length of the
airplane up to the vertical fin to the aft quadrant
that drives the PCU. And attached to that aft quadrant
is a centering unit.

The length of these cables is 1100 inches and
these are /8 dianmeter cables. Back here at the back
end we have two turn buckles on each cable. The
problem with reconstructing these was that at the
hangar, we had a whole series of cables in boxes. \What
we did, we took all the cables out of the boxes. W
separated the cables by dianeter. Since we knew we
were | ooking for |1/8 dianmeter cables, we separated al

the |/8 dianeter fromthe 3/32 di aneter cables and in
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addition, then when we got those, we separated these
cables into longer lengths and shorter [engths.

W further separated them to have cabl es that
had turn buckles on them and we could elimnate any
cable that had a turn buckle that was not consi stent
with the rudders. These turn buckles have part nunbers
on them and we were able to find the four turn buckles
that relate to the rudder by finding these part
nunmbers, and then we could elimnate the rest of them

Then we had a bunch of structures on sone of
these cables. W further elimnated sone of the |/8
di aneter cables that had structures on them and in
doing so we were able to find three cable that ran
through the body that were associated with the rudder.

W had two cables, called the RA on this
side, and we found one called the RB on this side

CHAI RVAN HALL: Dave, could | ask you just a
coupl e of very sinple questions? Could you show us
exactly where the peddles are that the pilot and co-
pil ot would push on that draw ng?

THE W TNESS: Here are the -- the pilot's

peddle is right here and here are the co-pilot's

CAPI TAL HILL REPORTING |NC,
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peddl es.

CHAI RVAN HALL: Ckay. And when the cable
runs back through the length of the plane, is it
runni ng through the floor of the plane? What is it
actual ly running through?

THE WTNESS: This cable runs on the right
side of the centerline of the airplane, 4.5 inches to
the right. This one runs 4.5 inches to the left. They
go through the pressure bul khead and as soon as they go
t hrough the pressure bul khead they go up to the
vertical fin.

CHAI RVAN HALL: Thank you.

THE WTNESS: An additional thing we | ooked
for was structure. W found an upper pulley on the RB
systemthat had a -- the cable was pinched on to that,
so we were able to identify that one. And then we were
able to identify two little sections that attached and
were broken off the aft quadrant and were able to match
those with the aft quadrant. So we were able to get
quite a bit of structure of cables back in here and get
a pretty reasonable idea of | think what that cable

situati on was.
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So that's basically how we reconstructed
t hese.

M5, KEEGAN:  Ckay.

THE W TNESS: I mght add that a metall urgi st
| ooked at all these cables with a 10x nagnifying scope,
the fractured ends.

MS. KEEGAN Descri be the purpose of | ooking
at the cables with a nmagnifying glass?

THE WTNESS: What we were trying to do is we
were trying to find out if these fractured ends were
due to fatigue, due to tensile overload, due to wear or
due to corrosion.

MS. KEEGAN:  Your viewgraph, page 5 of this
exhibit, 1'd like you to get into sone detail about
what you exam ned and what your findings were as far as
when you | ocated the cables and how exactly you | ocated
the cables and at what station |ocations you |ocated
t hem

THE WTNESS: Ckay. This is a reconstruction
of our rudder cables based on neasured | engths. Onh,
yes. We nmeasured all the length of these cables.

Tried to neasure them as accurately as we could in the

CAPI TAL HILL REPORTING |NC,
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hangar area.

Wiat this is is a reconstruction, a
calculation of a reconstruction of these cables. Thi s
section here is based on the rudder being at a neutral
posi tion.

CHAI RVAN HALL: Dave, again, are we |ooking
at the airplane? Could you give us a feel of how this
is laid out?

THE WTNESS: kay. This is the aft quadrant
up in the vertical fin at the back end of the airplane
and the pressure bul khead -- see where it says here aft
pressure bul khead? So that's the back end of the
ai rpl ane.

These straight sections, straight cables, go
right through the body, all the way to the front of the
ai rpl ane.

CHAI RVAN HALL: So we're not |ooking at the
whol e airplane. We're just |ooking at the -

THE WTNESS: No. W're looking -- well, we
are looking at kind of a shortened version of the
airplane, but this only shows the cables that we got,

that we were able to find.
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So if you look at the reconstruction of these
based on this, these two ends here did not match.

MS. KEEGAN: Dave, could I just stop you for
just a second here?

THE W TNESS: Yes.

M5, KEEGAN: Station 420, | see it, the
forward end. \Whereabouts on the aircraft is station
4207

THE WTNESS: Wll, that's in front of the
wing towards the front of the airplane. This station
here is aft of the wing towards the back of the
ai rpl ane. This is right over the wing box area here.

So we don't really have any cables up front
other than this snall section here. This is the
furthest one we had up front.

M5. KEEGAN:  When you say we didn't really
have them are you saying that you didn't find them or
that it was difficult to identify their proper
| ocation? Wuld you be a little nore exact with that?

THE WTNESS: W couldn't really identify
them Al those |/8 dianeter cables |ook alike and

they're broken up into various lengths. The only way

CAPI TAL HILL REPORTING |NC,
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we could identify themis |ocating them through
structure.

These were free in structure here. This one
was pinched here but we were able to -- that's was the
only way we could identify them

MS. KEEGAN: Now when you say it's pinched,
do you -- how did you cone to the conclusion that it
was pinched and how could you determ ne whether it was
a result of the inpact fromthe crash or that --
whether it had becone pinched prior to the inpact?

THE WTNESS: \Well, it's consistent with the
destruction of the airplane and it was -- the idler
the bracket holding the idler was just crushed into the
rub, and the rub was all broken up.

MS. KEEGAN: Dave, what do you mean by
pi nched?

THE W TNESS: Pi nched means that it was hard
to nove. You couldn't pull it through there.

MS. KEEGAN: And as far as locating the cable
at this pinched idler pulley at Station 767, how far
back then were you able to locate the cable and how did

you know that the cable in fact went in the direction
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aft instead of forward?

THE WTNESS: Well, we know that the idler
pulley is on the rear side of the floor beam and then
we're able -- then nmeasuring this, we're able to
determ ne what the aft nost position of the broken end
of this cable was. Wen we found that out, we found
that there's a 21 inch overlap between this cable that
comes fromthe aft quadrant to the horizontal floor
beam cabl e. But we confirmed that these two cables
mat ched, so we were convinced that this was a match.

MS. KEEGAN: How do you account for the
overl ap?

THE WTNESS: Well, we think what happens is
this cable is under tension during the accident and
what happened, it broke and then pulled back and then
pi nched at this point.

One of the pieces of evidence that we have is
at station 767-C, which is 20 inches forward of this
station here, there is a -- going through the hole on
RA, there was a notch the same di anmeter as the cable.
W think at that point is where the cable broke bending

over that hole and then it broke at that point and then
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pul l ed aft about approximately 20 inches and then ended
up in this position with the collapse of all the
structure here.

M5, KEEGAN: Dave, |1'd just like to make
sure. Are we talking about the right or the left
cabl e?

THE WTNESS: This cable drives the -- it's
the right -- it's on the right-hand side on the bottom
but it drive the rudder left.

M5, KEEGAN: Ckay. You nentioned a notch
Coul d you please describe what your exam nation of a
notch reveal ed and how you cane to a conclusion of
whether it was a pre-inpact type of a condition or
post - i mpact ?

THE WTNESS: Wiet her the notch was pre-

inpact? Well, | don't know if | can really do that.
Al I can say is this consisted of the failure node I
descri bed.

M5, KEEGAN: Could you give me a little nore
detail about the fai Lure node you descr ibed just once
nore?

THE W TNESS: VWll, the failure node woul d be
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that if the cable broke at station 727-C, that's where
the notch was. That's where the cable is bent around
the hole. And because of that high |loads, it broke at
that point and then pulled back. And that would be --
if it was at 727-C, that would be 6 degrees right
rudder .

MS. KEEGAN. The cable that runs all the way
-- your right cable then that runs all the way to the
rudder PCU, can you just go through and describe your
findings aft of the galley area and what you found as
far as any indications that you found that the cable
had integrity prior to inpact?

THE WTNESS: \Well, yes. The evidence points
towards the cable having integrity or not having any
preexisting failure, primarily because there was
multiple fractures at the back end, in the back
pressure bul khead. There was also noticeable fractures
along the body cable run and we didn't find anything
other than tensile overloads on any of the cables. So
the evidence strongly points towards that the cable was
intact at the tine of the incident.

MS. KEEGAN: Coul d you please five your
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opinion as far as the exam nation of other control,
flight control areas such as pulleys, fair |eads? What
did you exam ne and what were your findings?

THE WTNESS: Wll, we didn't really
specifically just go out and look at pulleys and fair
leads. W did have a pulley in the upper overhead on
the RB that had a pinched cable also. There was -- and
also, there was sone -- the eyeball seals at the
pressure bul khead, they had sone indications of
not chi ng on them

M5. KEEGAN: You're -- 1 want to just make it
clear on how you identified the spoiler, aileron and
rudder cables individually and how you separated those
cables. Could you just go over that one nore tine?

THE WTNESS: The el evator cabl es?

MS5. KEEGAN:  The spoiler -- yes -- rudder and
the aileron cables. Coul d you describe how you
separated those and what you found in the hangar as far
as the condition of all the cables and the difficulty
or the --

THE WTNESS:  Yeah. kay.  The spoiler

cables were -- the only spoiler cables we found were
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intact on the rear spar attached to the quadrants at
the actuator locations, and they were -- we had one
long cable and the rest of themwere like 4 or 5 feet
| ong.

W identified them by the positioning, their
positions on the quadrant. W were able to identify
which cable by their position on the quadrant.

The aileron bus cables, since they're the
3/16 dianeter, they were nuch easier to identify and it
was on the -- as far as the rudder cable, the
identification was only by the attachnent of floor beam
structure.

MS. KEEGAN: What was your goal in relocating
the cables through the floor beans and rel ocating them
to their proper location? Wuat were you trying to find
out from locating these cabl es?

THE WTNESS: Wll, there were several things
that we hoped to acconplish by doing this. One of them
was, of course, to determne if there was any
precondition or preexisting failure of the cable. The
other thing was to be able to locate the fracture

surfaces with structure and try to identify the
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position of the cable so we could try to establish what
t he rudder position was in.

Anot her possibility that we thought -- | ooked
early onto was there's an auxiliary fuel tank just
after the -- in the aft body area, and we wanted to see
if there was a possibility that that could have had
sonme kind of inpact on the floor beans and possibly
di spl ace the rudder cables.

MS. KEEGAN.  And what were your findings?

THE WTNESS: W found no indication on the
auxiliary fuel tank that it had any displacenent. And
the tank itself was |ooked at and they found no problem
with that.

MS. KEEGAN: Wiat is the history of in-flight
failure binding or any type of problem with the rudder
cabl es on the Boeing 737?

THE WTNESS: On the Boeing 737 we have no
history of in-flight problens of the cable system

M5. KEEGAN: And the same question for the
aileron cables. Do you have any history of in-flight
cable of the aileron cables on the Boeing 737?

THE W TNESS: Yes. We've had sone failures
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on the aileron. W had three failures that | know of
on the aileron body cables and five on the aileron bus
cabl es.

M5, KEEGAN:  And what were the circunstances
surrounding those failures?

THE W TNESS: | don't know what the
circunstance on all of them were, but we did have an
aileron bus cable that was worn out and basically
failed after a high nunber of hours. It failed on
t akeof f.

| believe we had another one that was also a
simlar in-flight failure.

M5,  KEEGAN: Did you exhibit any evidence of
the sanme type of problems on this on USAir Flight 427
wr eckage cabl es?

THE WTNESS: WE | ooked hard for evidence of
any wear on these cables and they are pretty easy to
determne if you ve got wear. You get wire breakage
around the pulleys and we found nothing that had
anything like that at all.

MS. KEEGAN: And did you see anything unusua

with your exam nation of the spoiler cables in the
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wr eckage?

THE WTNESS: The spoiler cables were all
tensile overload failures and we didn't see anything
t hat was unusual .

MS. KEEGAN. And what is the history of
spoi |l er cable problens with the Boeing 737?

THE WTNESS: To ny know edge, we've had 13
failures of the spoiler cables.

MS. KEEGAN: And what were the problems with
those failures? Wat was the cause of those failures?

THE WTNESS: They were corrosion and wear.
Usual | y corrosion on those cables.

MS. KEEGAN: Did you find any evidence of
corrosion or wear on the spoiler cables in the USAr
wr eckage?

THE WTNESS: W didn't see any corrosion on
I don't think any of the cables. The cables were all
in very good shape.

MS. KEEGAN: Ckay.  Thank you very nuch, M.
Rusho.  That concludes ny questions at that tine.

CHAI RVAN HALL: Any of the parties desire to

question the w tness?
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Boei ng. Anyone el se?

(No response.)

[f not, who's doing the questioning?

M. MGew?

Pl ease proceed.

MR MGREW  Thank you, M. Chairman.

M. Rusho, with respect to the RA cable which
you found pinched, in the unlikely circunstances that
that was pinched in flight, what would be the effect on
the operation of the rudder?

THE W TNESS: In that case you would contro
it with the ailerons.

MR MGREW  But would the rudder nove?

THE W TNESS: No.

MR MGEW Wuld it nove to the right? If
that cable were pinched, could the rudder nove to the
right?

THE W TNESS: No.

MR MGREW  So the rudder would be |ocked in
posi tion?

THE W TNESS: It would be l|ocked in position.

MR MGREW  Thank you.
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In conclusion, then, did you say that your
investigation showed that all of the rudder cables were
intact prior to the inpact? 1s that your concl usion?

THE WTNESS: Yes. That's our concl usion

MR MGREW And so you found --

THE WTNESS: This is our -- our structural
peopl e agreed on this also. It was the conclusion of
t he group.

MR MGREW  So you found no evidence of any
preexisting failures in the rudder cable systenf

THE W TNESS: No. No evidence at all.

MR MGREW  Ckay. Thank you very much.

CHAI RVAN HALL: Al right. No other
questions fromthe parties? W wll proceed with M.
Mar X.

MR MARX I just had a few clarifying
questi ons.

You nentioned that a netallurgist from Boeing
was on scene or at the hangar |ooking at the cables and
that he used a 10x power, a hand lens, to take a | ook
at these fractures. Wuld you clarify -- 1 understand

quite a few of these cable sections were sent to the
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Materials Lab in Washington. Wich other exam nations
were done? Do you recall how many of these cables and
why you sent them to Washi ngton?

CHAI RVAN HALL:  That's our lLaboratory, right,
M. Marx, that you're referring to?

MR MARX: Yes. That's correct. That's
correct.

THE W TNESS: Pardon ne? \Wat was that?

MR MARX:  Well, | just want to know for what
reason they were sent to Washi ngton?

THE WTNESS: W sent, | think, four of them
Meanwhile, -- these were the nore -- the typical cables
were a little nore controversial and our netall urgist
wanted confirmation that his reporting was correct.

MR MARX: Ckay. And the Materials Lab in
Washi ngt on exam ned these at nmnuch higher nagnifications
than a 10x?

THE W TNESS: | believe so.

MR MARX:  Ckay. Thank you

CHAI RVAN HALL: M. dark?

MR. CLARK: M. Rusho, would you describe

what you woul d expect to happen if a rudder cable did
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break?

THE W TNESS: If a rudder cable broke, you
woul d get a displacenment of the peddles and you woul d
have the centering unit be the focal point of the
rudder and you could control the airplane with the
rudder trim

MR, CLARK: Wuld you also be able to contro
the rudder in one direction with the one peddl e?

THE WTNESS: Yes. You could -- you'd have
one cable that could still be put in tension and you
could position the rudder with that one cable.

MR, CLARK: | believe you referred to sone
litmus marks on the cable that if they did occur at the
impact, at the crash, that they were in a position to
command a 6 degree airplane nove with the right rudder?

THE WTNESS: Yes. That's based on that
notch at station 727-C bul khead.

MR CLARK: Were you involved in the
exam nation of the pogo?

THE WTNESS: No, | wasn't.

MR CLARK:  Over the course of your work,

have you attempted to -- or have identified or
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attenpted to identify any mechanism in which a band
coul d produce a slow noving rudder?

THE WTNESS: No, | haven't.

MR CLARK: Are you aware of anybody at
Boeing that has attenpted to do so?

THE W TNESS: No. | don't know anybody that
has.

MR CLARK: | have no further questions.

CHAI RVAN HALL: M. Schl eede?

MR SCHLEEDE: Thank you.

Wen Ms. Keegan asked you about the different
in-flight failures, | believe you said no history of
in-flight failures of rudder cables?

THE W TNESS: Correct.

MR SCHLEEDE: I's there any other history in
the 737? Are you're aware of any other kind of jans
caused by a falling object or interference or ice or
any other nechanical interferences that cause rudder
cable jans?

THE WTNESS: Well, | don't know ' m not
aware of any. W haven't researched that.

MR SCHLEEDE: Are the slats your area of
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responsibility as far as flight controls?

THE W TNESS: No.

MR SCHLEEDE: | want to have the staff
assist and bring up Exhibit 11-A-I. She'I'l place it
right on top to your left there. | believe we have

another witness to cover this, but | thought 1'd ask
you before you | eave.

This is the maintenance record, G oup
Chairman's Report, Addendum 1, and it's reference
mai nt enance history of rudder PCU change on the
acci dent airplane January 21st, 1993.

I"m particularly interested in the second and
third paragraphs. In the second paragraph it nentions
that there's a work card generated on the main rudder
PCU, output rod with chaffing damage. So the damage
was cleaned up and inspected probably wthin mnutes.

The next paragraph tal ks about another work
card describing the replacenent of a damaged main bolt.

Before | ask a question, is this an area --
are these the type of things within your area of
responsibility as a Flight Control Specialist?

THE W TNESS: Vell, it would be, but in this
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accident | was only involved in the cables. M area of
responsibility is strictly the cables.

MR SCHLEEDE: They're your nornal
responsibilities in your job?

THE WTNESS: Wll, possibly -- yes, it could
be that it applied to the 737-100 and 200 or the 300.
This was probably addressed by soneone --

MR SCHLEEDE: So you wouldn't be able to

answer any questions about --

THE W TNESS: No. ['mnot familiar with
this.

MR.  SCHLEEDE: ['msorry. | didn't hear?

THE W TNESS: ['mnot familiar with the whole

thing so | couldn't answer your questions.

MR, SCHLEEDE: Thank you.

CHAl RVAN HALL: M. Laynor?

(Pause.)

Wll, we are in a tenporary recess while the
Court Reporter restores her line feed.

(Whereupon, a recess was taken.)

CHAI RVAN HALL: This hearing is back in

session. The Court Reporter is ready to go. I's that
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correct? And we will proceed then with questioning by
M. Laynor.

MR LAYNOR M. Rusho, 1'd like to refer
you, again, to Exhibit 7-J, page 6.

And Jerone, if you could put that up.

In your testinony apparently sone confusion
still exists regarding the 21 inch overlap at station
1049.5 in the lower right-hand corner of that exhibit.

Can you explain the significance of that
again, please?

THE W TNESS: Vell, we think that it was
broken at station 727-C, where the notch was, and then
after it broke, the tension in the cable collapsed all
at once and it pulled back 20 inches and was pinched at
the station 727 by the idler pulley. And that counts
for the calculated differences in the |ength.

MR LAYNOR So, the -- let ne see if | can
get it straight. In your opinion, the notch would
represent inpact damage that would be consistent with
the rudder position at the tine of inpact and the
overload -- and the overlap -- I'msorry -- represents

cabl e stretched due to tension?
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THE W TNESS: No. It represents displacenent

of the cable 20 inches. The cable noved back to
station 727-D was where we found it in reference to
station 767. There's a 20 inch difference between the
floor beams. So 60 inches forward at 767 is where the
cabl e was broke. But we think what it didis it
actually noved -- it was actually 80 inches forward at
the time of the fracture and then pulled back to the
position we found it in. And that accounts for the 20
inch overl ap.

MR. LAYNOR And if | go with the 80 inches
forward at station 767, what kind of rudder position
woul d that correspond to?

THE WTNESS: That would be 6 degrees right.

MR LAYNOR  What kind of rudder position
woul d the 60 inches forward correspond to?

THE WTNESS: You only have 4-1/3 inches to
travel to get full throttle, so it wouldn't be
applicable to any position at all.

MR. LAYNOR Al right. And you may have
answered this already, but | wasn't sure. \Wre you

involved in the exam nation of the centering spring
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mechani sm and the trim actuator?

THE W TNESS: No, | wasn't. Al 1 did was
the cabl es.

MR. LAYNOR  Ckay. Thank you, sir. That's
all I have.

CHAI RVAN HALL: Just a few brief questions.
But first, | would appreciate if we could put up that
diagram of the plane. And | don't know what exhi bit
that is.

G ndy, do you know or Tom know off hand?

There we go.

If you could identify for us -- | believe you
tal ked about the spoilers, the ailerons and the rudders
being driven by cables; correct?

THE W TNESS: Yes.

CHAI RVAN HALL: Now that we've got the ful
airplane, if you could show me where those pieces are,
and | would appreciate it.

This is Exhibit 9-S, page 1.

THE WTNESS: The ailerons are these segnents

on the trailing edge right here. The spoilers are --

the flight spoilers are these two on opposite sides.
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Yes. These two right here, these are -- the two
out board ones are ground spoilers and another inboard
one is a ground spoiler.

So if you look at the two spoilers that we're
| ooking at on the left-hand wing are flight spoilers
and here is the aileron.

CHAI RVMAN HALL:  Now, what activates the
cables in a situation of each one of those? Begin wth
the rudder, if you would. In the cockpit or --

THE WTNESS: kay. The rudder is activated
by the pilot's peddles and/or the co-pilot's peddles
and he drives the cable system back to the PCU in the
fin, vertical fin. The ailerons are driven by the
control wheel bringing cables back to the power contro
unit in the wheel well. That wheel well, the power
control unit then drives the aileron bus cable. That
is the output of the power control unit.

The output of the spoilers are driven
basically through the aileron control wheel. [t then
goes through the neter box and the cable drives
actuators at the spoiler, at the flight spoiler

posi tions.
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CHAI RVAN HALL: How many feet of cable are we
tal ki ng about ?

THE WTNESS: There's 1100 inches of cable
for the rudder; approximately 422 inches of each
ail eron bus; and approxinmately 260 inches for the
spoiler cables, left spoiler and right spoiler

CHAI RVAN HALL: So you have a lot of cable to
sort through in the hangar.

THE W TNESS: Yes, we did.

CHAl RVAN HALL: Now is that color coded? How
do you tell the spoiler cables from rudder cable? Has
it got different colors on it? Does it not |ook alike?
Is it different size? How would you tell the
di fference?

THE WTNESS: The cables are separated by |/8
di aneter cables. The aileron, through the body, the
elevator, the stabilizer trim the flap controls, speed
brake, are all |/8 dianmeter cables. The aileron bus
are 3/16 dianeter cables. The spoiler cables are 3/32,
as well as the brakes cables and the engine control
cabl es.

So, when you have a whol e bunch of broken up
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cable like that, it's very difficult to determ ne what
they are. In fact, that's a big problem W couldn't
really determine all the cables. W had to rely
primarily on the structure that it was attached to or
the part nunbers on the turn buckles. And sone of the
part nunmbers on the turn buckles were burnished off.

CHAI RVAN HALL: Now how many i ndividual s
assisted you in this task of trying to identify the
cabl es?

THE W TNESS: Probably throughout the stage
it's probably about a half a dozen people.

CHAI RVAN HALL:  Now, you nentioned that your
responsibilities at Boeing primarily covers the ol der
aircraft that are not presently in production?

THE WTNESS: That's correct.

CHAI RVAN HALL: And | believe you said that
there can be cable failures from fatigue, tensile
overl oad, wear or corrosion?

THE W TNESS: Ri ght.

CHAI RVAN HALL: What is the lifespan of a
cabl e?

THE WTNESS: Wll, | don't think there's any
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rule of thunb on the lifespan other than it depends a
l ot on the nmintenance of the cables. And we recomrend
you replace them when you get to a certain wear
condition, which we have defined in the maintenance
manual s.

CHAI RVAN HALL: And the nmaintenance manual s
are basically approved by the -- under federa
regulation for that airplane or is that just a
manuf acturer's --

THE WTNESS: That's Boeing's recomendation
for the maintenance nanual .

CHAI RVAN HALL: So there's not a specific
i fespan, but generally as an aircraft gets ol der that
there is a possibility that those cables nmay be
repl aced as they become worn through fatigue, wear or
corrosion?

THE WTNESS: Yes. But | mght point out
that fatigue is really not problemin our design
Wiere we get into fatigue problemis due to msrouting
of the cables over keeper pins on the pulleys. That's
the only place |I've ever seen fatigue on a cable.

CHAl RVAN HALL: Ckay

CAPI TAL HILL REPORTING |NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

267
THE WTNESS: So, -- but we look for that.
That's one we | ooked for just to be sure.
CHAI RMAN HALL: Al right. Vell, |1
appreciate the tinme that you and your colleagues have
spent in going through the cables and reconstructing
themto the best of the ability with -- given the
condition of the weckage and appreciate your testinony
this norning.
You' re excused, sir.
THE W TNESS: Thank you.
(Wtness excused.)
CHAI RMAN HALL: The next witness is M.
Lester Berven. | hope that is the correct
pronunci ati on. If not, | will ask himto provide that.
He is a flight test pilot with the Federa
Aviation Adm nistration in Seattle, Washington.

(Wtness testinony continues on the next

page. |
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LESTER BERVEN, FLIGHT TEST PILOI, FEDERAL AVI ATI ON

ADM NI STRATI ON, SEATTLE, WASH NGTON

(Wher eupon,
LESTER BERVEN,

was called as a witness by and on behalf of NTSB and,
after having been duly sworn, was exam ned and
testified on his oath as follows:)

CHAI RVAN HALL: M. Schleede, if you would
proceed.

MR, SCHLEEDE: Yes.

M. Berven, would you state your full nane
and business address for our record?

THE WTNESS: M nane is Lester Berven. |
work in the Renton O fice --

MR. SCHLEEDE: Get closer.

THE W TNESS: Is it on?

CHAI RVAN HALL: I's the witness' m crophone
wor Ki ng?

MR SCHLEEDE: Try it again.

THE WTNESS: There we go.

MR SCHLEEDE: Seens to be now.
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CHAI RVAN HALL: Just have to speak closely
into it, please, sir.

THE W TNESS: My nanme is Lester Berven. |
work as the -- in the FAA Ofice in Renton, 1601 South
Lind Avenue.

MR SCHLEEDE: What is your position with the
FAA?

THE W TNESS: I'mthe senior flight test
pilot for the FAA's Northwest Muntain Region, which
i ncl udes the Boei ng Conpany.

MR SCHLEEDE: How | ong have you worked for
t he FAA?

THE WTNESS: Wrked for the FAA since 1976.

MR SCHLEEDE: Gve us a brief description of
your education and background how that qualifies you
for your present position?

THE WTNESS: Certainly. | have a bachel or
of science degree in aeronautical engineering with sone
post-graduate studies in aerodynam cs and aircraft
systenms safety. | have an airline transport pilot
rating. ['"mrated in -- | have type rating in all the

Boei ng airplanes except for the 707.
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I worked for eight years at Edwards Air Force
Base in Flight Test and five years in industry as a
test pilot and |I've worked for the FM since 1976 as a
certification test pilot.

MR SCHLEEDE: You do have type rating in the
7377

THE W TNESS: Yes, | do.

MR SCHLEEDE: And approximately how nuch
flight time do you have in total time and time in the
7377

THE WTNESS: M total flight time is
sonewhat over 7,000 hours and | believe | have about
400-500 hours of flight test experience in the 737
series.

MR SCHLEEDE: Thank you.

M. Jacky wll proceed.

MR, JACKY: Thank you.

Good norning, M. Berven

THE WTNESS: Good norning.

MR JACKY: Could you briefly descr ibe the
responsibilities of an FMflight test pilot?

THE WTNESS: Certainly. Wien an applicant
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such as Boeing builds a new airplane and takes it out
in flight test thenselves and develops it to the point
where they think it's a good nmachine, they submt it
basically to the FM  And as part of that process, we
go out and determ ne conpliance with airworthiness
rules of Part 25.

It consists of performance and flying
qualities and systens eval uations.

MR JACKY: Could you describe what is Part
25, please?

THE W TNESS: Part 25 is part of the Code of
Federal Regul ations which specify the airworthiness
standards for transport airplanes.

MR JACKY: And could you describe your
experience in FMcertification flight tests, please?

THE WTNESS: Well, our office basically
covers all types of different airplanes. ['ve worked
in the transport airplane field in both the snall
business jet transports and all the way up through the
| arge airplanes, also.

|'ve participated in essentially all of the

Boeing certification flight testing since about 1978,
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and so that would consist of 727 nodifications and
approval s and 737, 757-67, the 474-400 and currently
the triple 7

W do nodification testing on other business
jets like Lear Jets and Fal con Jets and snall aircraft,
al so.

MR JACKY: And with the 737 aircraft, were
you involved in the certification of the 300 series?

THE W TNESS: | was.  Yes.

MR JACKY: And any of the other of the
series of the 37?

THE W TNESS: I've also done sone testing on
the 737-200. I wasn't working at the FMin Seattle at
the tine of its original certification, but sone of the
follow on nodifications for autopilot testing and sone
engine nodifications and also sone after-market stuff
for a noise suppression on an applicant other than
Boei ng.

MR JACKY: As part of the FMs
certification of an aircraft, can you describe what
sort of flight tests would be acconplished on that

ai rpl ane?
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THE WTNESS: Certainly. Once the aircraft
is developed to the point where it's structurally safe
and the ground structures tests and flutter tests and
Boei ng has basically conducted a mnimum set of
ai rworthiness performance and flying qualities test so
that the aircraft is basically safe for flight testing,
the FM issues --

CHAITRMAN HALL: A flutter test? What is a
flutter test?

THE W TNESS: Ch, an aircraft is not a fixed
solid body but it is flexible. And as you take the
airplane to higher and higher speeds at certain weights
you can get into nodes where the aircraft starts to
vibrate uncontrollably and that's called flutter. And
so what we want to nake sure is that the airplane
doesn't do that, and so that's what the flutter testing
is. They do ground testing to find out what the |oca
resonances for all the flight control systens and
interactions are, then they do it in flight testing,
al so.

CHAI RVAN HALL:  Thank you

THE WTNESS:  Ckay.
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W were tal king about the process of flight
testing in a transport airplane. \Wen the primry
safety tests have been conpleted and our structures and
systens and propul sion people and the FM aircraft
certification office are happy that the airplane is
ready for flight testing, they issue what we call a
type inspection authorization, which is kind of an
aut horization for ny group to go out and fly a
transport airplane and check its conpliance with the
ai rwor t hi ness rul es.

And once that's issued, basically we work
together closely with the Boeing Conpany and we have a
very detailed test plan which shows when it's going to
be done, how it's going to be done and how many points
are going to be done. And we go out and we do al
these tests, which consist of takeoff and |anding
performance and mni mum engi ne out control speed and
stability and control and all different altitudes, and
stalls and stall characteristics, and al so proof that
the systens and the avionics in the aircraft all
perform their intended function

MR JACKY: And as part of this
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certification, do you performany flight tests wth
regard to the control surfaces of the airplane?

THE WTNESS: Wth regard to control
surfaces? Are you tal king about augnented, |ike an
aileron -- | nean, an autopilot testing?

MR JACKY: Yes, but specifically at this
point in regards to the primary controls, such as
aileron, elevator, rudder controls.

THE WTNESS: W test those fromthe
standpoint that we do stability control testing. That
is, we take the aircraft to its -- all it's approved --
it's maxi mum approved altitude and actually beyond its
maxi mum approved speeds to show that we have sone
margins in the airplane. And for the |ateral
directional case, for instance, that is the rudder and
the aileron, we do what we call steady heading slide
sl opes where we stabilize at various speeds and then
put in -- opposing the rudder and aileron to maintain
the heading and track of the airplane and go all the
way to full deflection to see that the forces and
nonents on the control system are linear and don't

reverse so it noves in a stable direction
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So in that case, we do do a control system
eval uati ons.

CHAI RVAN  HALL: Excuse nme, M. Jacky, just a
nmonent . Could you help us just by explaining a slide
sl ope for us?

THE WTNESS: Certainly. Basically, the
optimum way to fly an airplane is to point it directly
into the wind because it has the mninmm profile drag
area when you look at it fromthe front. If you don't
do that, you pick up drag and also in sone cases where
you get the excessive slide slip, some buffeting.

So the purpose of the stability, directiona
stability of the airplane, is to keep the airplane
poi nted straight ahead into the w nd.

The pilot can change that and he normally has
to do that on a slide slip or for sone type of
maneuveri ng. If he'd just push on the rudder and then
use opposite ailerons so that the airplane doesn't rol
and basically can set the airplane sideways to the w nd
so that you're flying sideways |ike this.

And so, for instance, instead of the airflow

going directly into the front of the nose of the
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airplane, it's conming in | ike a side window. That's a
side slip.

CHAI RVAN HALL:  Thank you.

MR JACKY: And as part of the certification
flight test, do you ever performor |ook at contro
surface hardovers or going to the full deflection at
all?

THE WTNESS: Not in the primary flight
control system no. The presunption -- well, the
airplane is designed to have enough control power to
basically do whatever the pilot wants any tine he wants
to do it. So, you have enough control power in the
el evators and the ailerons and in sone cases in the
rudder to nmake the airplane do some rather unusua
maneuvers.

So, the presunption is that the flight
control systemis basically, from the standpoint of
full deflections, it's just as safe as the primary
structure. So we don't presune and we don't test any
types of full deflection hardovers of any of the flight
control systens.

MR JACKY: kay. Thank you.
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Coul d you explain your role or your
participation in this accident investigation?
THE W TNESS: I'"ve only been formally on a
coupl e of accident investigations. One was on a Lear

Jet and | was just kind of attached to one of the

overrun accidents there at LaGuardia. | can't remenber
the name of it. And | just kind of acted as a
consul tant . | haven't done a lot of fornmal accident

i nvestigati on.

MR JACKY: In terns of the accident of USAITr
427, what was your participation?

THE W TNESS: | basically acted as a pil ot
consultant to the performance group and | flew a couple
of the sinulator sessions: one, to |ook at
controllability; and also to |look at the vortex
i nteraction.

MR JACKY: And would that be under the
Aircraft Performance G oup?

THE W TNESS: Yes.

MR JACKY: Prior to the sinulator -- or, |let
me ask you this.

Were were the tests perfornmed that you
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participated in?

THE WTNESS: The tests were perfornmed in the
en-cab there at Boei ng Conpany.

MR JACKY: Is this the sinulator that M.
Kerrigan spoke to yesterday?

THE W TNESS: Yes, it is.

MR JACKY: Prior to that, did you have the
opportunity or did the FM have the opportunity to do
any sinulator testing with Boeing?

THE WTNESS: Yes. W sort of did sone on
our owmn initially right after the accident.

MR JACKY: Could you characterize the events
| eading up to that session?

THE WTNESS: Certainly. After the accident
occurred, we were quite aghast that this thing could
possi bly happen because we've tested this airplane to
all kinds of strange and unusual maneuvers and wel |
beyond the limts of the air speed and stal
characteristics and autopilot and yaw danper hardovers
and found that there was really nothing wong at al
with the airplane at all.

So, we were taking quite aback -- taken aback
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that sonething like this could happen. So one of our
pilots in discussing what the heck could possibly cause
this sort of thing, had a chance to fly on a 737
simulator for another test. Basically it was the
devel opnent of a head-up display system And during
that test, while he was in the en-cab sinmulator, it
turned out that the head-up display didn't work very
good and he had to sit there for 40 mnutes for themto
fixit.

So, while he was there, he decided to play
around with flying qualities of the airplane and he did
sonme checks for rudder/aileron trades. That is,
statically. W' re tal king about straight ahead steady
heading slide slips. And discovered that -- pretty
much what M. Kerrigan said yesterday -- that at the
accident condition of flaps 1 and 190, that if you put
the aileron and rudder in very slowmy, you re basically
bal anced right there.

Full rudder and full wheel wll just maintain
control of the airplane. If you go faster than that,
the ailerons have nore control power and if you go

slower than that, the rudder has nore control power.
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But that's a normal characteristic and it's certainly
acceptable, and a lot of airplanes are |ike that, too.

He then decided to try sone dynam c inputs
for the rudder to see if that could possibly be the
problem So, stabilized at 190 and flaps 1, basically
with the autopilot turned on and stabilized in |evel
flight, he just basically pushed on the rudder all the
way to the stop. Took about 2-1/2 to 3 seconds to get
there. And he was quite surprised at the response of
the airplane. It rolled quite rapidly into the rudder
defl ection. And as quick as he could react and
di sconnect the autopilot, he was up to about 50 to 55
degr ees.

And as he added back pressure to hold the
nose up and then fed in sonme left aileron to try to
stop the roll -- the airplane essentially rolled al
the way over to about 120 to 140 degrees. He didn't
conti nue the maneuver because he didn't want to crash
the sinulator and ness up the head-up display test, but
he thought it was quite interesting and he did it a
coupl e of times.

And so he recovered fromthe nmaneuver and
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then reported back to us that this mght be an
interesting area to look into to see if this could be a
possi bl e cause of the accident. So, we called the
Boei ng Conpany and said, "As part of our continued
operational safety responsibility, we'd like to take a
ook at the flying qualities and controllability of
this airplane and the dynam c rudder input, which we
hadn't done during the certification tests."

And they set up a four-hour session for us
and we wote up a little test plan and basically went
into the sinulator and did essentially what the
performance group nmentioned a little later on. [ m ght
add, with just the sane results, too.

So we | ooked at several different things:
trimrunaways and different rate, hardovers on the
rudder and the aileron rudder trades and stalls and
several other things.

MR JACKY: Previ ously when you were
di scussing the tradeoffs between the rudder and the
ailerons, you said that that was a nornal
characteristic of the airplane. I's that correct?

THE W TNESS: That's correct.
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MR JACKY: Could you describe why that is a
normal characteristic, please?

THE WTNESS: Wll, basically, what we're
looking for is in our airworthiness rules we want the
airplane to fly normally. That is, when a pilot gets
in a new airplane he wants to be able to transition and
use his previous experience. So there are sone
characteristics that make up what a normal airplane
feels like, and one is the ability to roll the airplane
with the rudder, and the other one is that when you do
side slip the airplane intentionally, it requires
opposite ailerons to stabilize. That's basically an
airplane characteristic since day one, so we want them
to fly like that so it feels normal.

Now, how nuch aileron you use for a given
rudder is really a function of the different airplane
design and the size of the vertical fin and the |length
of the fuselage and such |ike that. So basically, we
go out and define what that is and so we stabilize at
particul ar speeds and particular flaps headings and we
do these side slip tests and we nmake a plot of the

ail eron versus rudder deflection to |ook to see that
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it's not too steep, it's steep enough, and it doesn't
become non-linear at the end. And basically, that's a
test that you do for all airplanes.

That basically defines the lateral
directional stability of the airplane.

MR JACKY: And it's your belief that all
transport category aircraft behave in this manner?

THE WTNESS: Yes. All transport category
airplanes roll due to rudder and in the correct
direction.

MR, JACKY: If I could refer your attention
to Exhibit 13-B, page nunber 4, what this is is a
listing of simulator failures or malfunction scenarios
attenpted by the Aircraft Performance G oup in the
Boei ng en-cab simul ator.

Were you present at the tine that these tests
were perforned?

THE WTNESS: Yes, | was. | flew about half
of them by the way.

MR, JACKY: kay. What | would like to do is
work nmy way down this list and ask you about what

basically each test is and how it's perfornmed and what
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For exanple, Nunber 1. Coul d you pl ease
explain the one engine cut at clinb power, please?

THE WTNESS: Yes. Basically, what we're
| ooking there is that when you | ose an engine on an
airplane, a couple of different things happen.

Number one, you |lose the thrust of that
engine and you also build up a drag because now you're
bl owi ng the engine around by the air |ike a pinwheel
So you both |ose thrust and increase the drag on that
side, which is essentially the same as putting rudder
inin that direction, and so you wind up in the sane
kind of a side slip situation we tal ked about before.
So that if you cut the left engine, the nose goes left
and you're side slipping to the right, which makes the

airplane roll to the left.

286

And so we were looking at the characteristics

of how much will it roll when you cut the engine at
clinb power. Is it a very rapid departure or can you
control it easily.

So basically, what we did, we set the

airplane up at 190 knots at clinb power, which is
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maxi mum conti nuous thrust, actually, at 190 knots and
flaps 1 and just shut the fuel off on the |eft engine.
And then we | ooked at the resulting reactions of the
airplane. And basically, it was not a significant
problem If you don't put any control input at all, the
airplane only rolls about 11 degrees per second. It
conpletely controls free with no pilot input at all.

If you use a representative delay, which is
what we use for autopilot testing, which is pilot

reaction plus 3 seconds, in other words, the pilot

knows somet hi ng happens. It gets it attention and then
we wait 3 seconds to give himtine to react. The
airplane basically will roll only to 45 degrees in that
scenario with no pilot input. So it was rather a

beni gn maneuver.

MR JACKY: In Nunber 2, we have several
rudder hardover rates, A through F. Coul d you pl ease
descri be what the practical application of each of
these rates would be? Wiat type of rate or why would
you expect those types of rates in the airplane or what
could be the cause of those type of rates?

THE W TNESS: VWll, the first rate --
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CHAI RVAN HALL:  Again, just before we get
into this, M. Jacky, if any one of you all could give
me -- when you say rudder hardover, what's hardover?
What are you referring to?

THE WTNESS: That cones from an autopil ot
testing term And basically, if you're letting a black
box fly the airplane, you want to be assured that
whatever it can do in its worst case is not going to
cause a maneuver the pilot can't recover fromwth a
reasonabl e del ay. So the pilot, if the autopilot is
flying both a pitch and roll axis, for instance, we
take -- take, for exanple, the roll axis. W put
enough voltage on the servo of the autopilot to
saturate it. In other words, nore than it needs to go
to full deflection.

So it goes full deflection as nmuch as it can
as quick as it can and stays there. And so, hardover
nmeans as far as the controls and as far a direction as
they'll go as quick as they can nove. And that's
basically what we're tal king about for a hardover

CHAI RVAN HALL: Thank you.

THE W TNESS: The rudder hardover rates then
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basically these tests were done by allow ng the rudder
to go to full deflection but at the rate shown. And
the intent of doing these as different failure rates
was to try to match or look at the departure rates
shown on the FDR to see if we could conme up with
sonething that was simlar that way.

Coincidentally, the first one, Nunber A is
basically the same rudder hardover failure rate that
you would get with a trim runaway, a rudder trim
runaway, which is electric in this airplane. So the
initial reaction would be the same, although with a
trim runaway, which we also did, the rudder only goes
to 13 degrees instead of full over.

MR JACKY: And why is that?

THE W TNESS: Because the rudder trimis
[imted to a maxi mum authority of about a little nore
than half deflection, because basically you don't need
any nore rudder trimthan that. To trimthe engine, to
trimthe -- | think the maxi mum rudder trim requiremnment
is with engine out, the engine out requirenent at 1.4
tines the stall speed. So basically, you don't nake

the controls any nore powerful than they need to be
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because of the possibility of it running away |ike
t hat .

For exanple, on the aileron trimand on the
rudder trim in flight tests if you can't disconnect an
autopilot or electronic augnmentation system we require
that it runs all the way to the stop and then we react
to it. So basically, for a rudder trim hardover, we're
running all the way to 14 degrees and for an aileron
trim runaway, we'll run it as far as it can go and then
it's sure that the pilot can make a continued safe
flight and |anding w thout any problem

So that's why it's limted to a certain
nunber of degrees. If it does run away, you don't want
it to cause a problem

MR, JACKY: So in your flight certification
tests, you would be nore apt to test the runaway rates
of the trims of the control surfaces as opposed to
testing for the full travel of the surface itself?

THE WTNESS: That's correct. Basically, we
know that there are failure rates in electronic
augnentation systens and autopil ots. Based on our

experience we know that it's going to happen. So
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basically, we want to assure ourselves that there are
no hazardous characteristics involved with an autopil ot
hardover or any kind of electronic augnentation
har dover .

W discovered as we were doing this that the
maxi mum roll rate that was achieved as a function of
t he rudder hardover rates was pretty nuch a one to one
rel ati onship. In other words, if you put the rudder in
at a faster rate, the airplane rolled at a faster rate.
And we discovered that.

In truth, what was said before was true, that
if you do it very, very slowy and stabilize the
airplane in a straight ahead side slip, the rudder and
ailerons are exactly equal at 190 knots and fl aps one.
However, if you put the rudder in at any rate, then
basically the rudder will roll the airplane faster than
the aileron wll.

And so we discovered that the hardover rate
here, the maximum rate that you would achieve is pretty
much proportional to the rudder hardover rate. And the
data that we got from the Performance G oup shows that

a half a second -- half a degree per second hardover
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rate shows only about -- the airplane would roll 70
degrees in 17 seconds, which is pretty slow [t's an
average of about 4 degrees per second.

And you work your way up that way and then
you find out that at 2-1/2 degrees per second it rolls
75 degrees in 7-1/2 seconds, which is up to 10 al ready,
and it progresses all the way down pretty nmuch linearly
until you get the maximum rate, which is just basicallly
to stonp the rudder all the way to the floor at 52
degrees per second. At that point, the rudder rolls
the airplane due to the dihedral effect we were talking
about at about a maxinmum rate of 32 degrees per second.

There's sone additional data |later on, too,
that shows the aileron only, but basically what we're
| ooki ng here at the rudder hardover rates and the roll
rate of the airplane and the reaction of the airplane
based on those.

MR JACKY: WAas | correct? You just said you
di scovered sonething regarding the rudder roll rate?

THE WTNESS: The roll rate of the airplane
due to the rudder, yes. In other words, we tal ked

about -- yesterday, M. Kerrigan explained what the
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roll due to the side slip was caused by. And if you
have a swept wing airplane with the wings like this, if
you yaw the airplane like this, the wing on the right,
for instance, if you' re yawing nose left, the wing here
is nore perpendicular into the wind and the trailing
wng is farther back. So therefore, you have nore |ift
on this wing than you have on that one. And that's a
static characteristic. So that if you're just
stabilized there with just rudder and aileron hol ding
it, that's the characteristic you have.

There are two other factors, however,
i nvol ved in that. One is the side slip overshoot when
you're using a dynam c rudder input, and the second one
is the fact that you roll also due to yaw rate. In
other words, when the airplane is yawing like this, the
wing on the outside has a slightly higher velocity than
the one that's going back. So that causes a little bit
hi gher dynam c pressure and a little bit nore roll

Secondly, when you put the rudder in at a
high rate, the side slip that you get, you get kind of
an overshoot due to the nonentum of the maneuver so

that your side slip goes way up higher and then it wll
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eventual ly stabilize that, and therefore, causes a
higher roll rate initially due to a dynam c input than
you would have if you just put it in slowy and held it
statically.

So that's when you get an increasing roll
rate due to the rudder input rate.

MR JACKY: And you weren't aware of that
prior to these tests?

THE WTNESS: Yes. W were aware of that.
And all airplanes do the very sane thing. It's nothing
that's particular to the Boeing 737. Al other swept
wing airplanes do it, too.

MR JACKY: So rather than discover, you're
basically verifying those --

THE W TNESS: Par don?

MR JACKY: Rat her than discovering, you were
actual ly verifying those results?

THE WTNESS: Yes. Basically, we knew that
the characteristic existed. Wat we were trying to do
here now is quantify it; how much and what's the
rel ati onship between the roll rate due to the rudder

and the roll rate due to the ailerons which coul d
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oppose it.

MR JACKY: In |l ooking at the rudder hardover
rates listed there, A through F, you may have already
done so, but could you characterize any of the rates as
bei ng what you would believe or in your experience
woul d be consistent with the FDR data shown off of
USAi r 4277

THE W TNESS: It really wasn't possible to
match it exactly, but as far as | can renmenber, the 2-
1/2 degree per second was about the closest one, 2-1/2
to 3 degrees per second. Again, it didn't nmatch it
exactly but it was closer than any others.

MR JACKY: Let me rephrase that. I n | ooking
at just the initial first five or six seconds of the
upset, which one of those rudder rates do you believe
mght or in your experience wuld nost closely match
t he FDR data?

THE W TNESS: I'd say it was 2-1/2 degrees
per second.

MR JACKY: Ckay. Mving on, in |ooking at

test Number 3, could you please explain that test and -
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THE WTNESS: Wll, there was one other thing
we did here, too, that | forgot to talk about. [t was
the maxi num the yaw danper input. That was a slightly
different test in that the yaw danper itself has very
much little or very much less authority than the basic
rudder does. The rudder in a static deflection will on
the ground deflect 26 degrees and in flight, at these
flight conditions, it wil1l deflect approximately 19 to
20 because the air forces blow the rudder back and the
yaw danper in this case is only going to deflect about
30 degrees.

So the roll rate due to yaw danper output at
full deflection hardover is really quite benign. |
think the airplane only rolls about 15-16 degrees per

yaw danper hardover

CHAI RVAN HALL:  Again, -- you do such a good
job of explaining, sir. If you give us just an
el enentary discussion of what the yaw danmper does, 1'd

appreciate it.
THE WTNESS: (kay. Basically, the vertica
fin on an airplane acts like the feathers on an arrow,

so that if you're flying along there and the pilot is
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not nmaking an input and a gust upsets the airplane
laterally or directionally, like this, there's a wnd
bl owi ng on the opposite side of the rudder that pushes
it back around into the -- straight into the wind. On
sl ow speed airplanes and straight w nd airplanes, that
does a pretty good job. But when you get to a swept
wi ng airplane and high wing |oadings and high altitudes
and mach nunbers, the arrow, the feathers on the arrow
are not quite as effective and you have to get to a
bi gger angle before it will blow it back.

And so what you wind up with is an airplane
that wanders back and forth like this, left and right,
getting to a big enough angle that it will blow the
rudder back and straighten out the airplane. That's
the Dutch roll node we tal ked about because when it
does this little snaking notion, we're talking about
the roll due to yaw, it does a little bit of a roll,
too, and it's kind of out of phase by 90 degrees and it
kind of wanders back and forth like this. [t's nore of
a nui sance than anything else, but typically every
major large jet transport has a yaw danper which is a

very quick reaction, automatic electronic system that
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noves the rudder quickly and stops this w thout the
pilot having to do anything with it.

CHAI RVAN HALL: And that can be controlled by
the autopilot?

THE W TNESS: It"s controlled by a separate
unit called a yaw danper.

CHAI RVAN HALL: Thank you.

MR JACKY: Just a followup question. The
yaw danper is not part of the autopilot systemin the
737-300 aircraft?

THE W TNESS: | believe it is separate.  Yes.

MR JACKY: If you could get or, please, if
we could return to Item Nunber 3 and describe that
test, please.

THE W TNESS: Basically what this was was
i nput the rudder hardover, full deflection; don't make
any pilot input until the airplane rolls to about 80
degrees and then pull the colum back into the
sti ckshaker. This is kind of one of many scenarios we
| ooked at to see what the aircraft response would be to
this kind of maneuver and basically the data that |

| ooked at, this is one where we left the autopilot on
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and didn't disconnect it. It was somewhat simlar to
the FDR trace.

The airplane goes all the way over and rolls
nore than 360 degrees and back up to another 100
degr ees. So it doesn't represent the FDR trace but it
is a significant departure from control flight.

MR JACKY: And Item Nunber 4?

THE W TNESS: Basically, | guess a genera
commrent | would have, that all of these other failures
were benign. The only one that was really significant
was the rudder input.

The | eading edge asymetry with or w thout
auto-slats -- in other words, we put the |eading edges
out on one side and then sling all the way down to the
stall on the airplane and the airplane rolls off, of
course, to about 70-80 degrees, which is what you would
expect . But it was controllable, recoverable.

On the next one, we have an auto-slat msfire
at the stickshaker, and I think that was fromflaps 5
where the auto-slat starts to work. And what does is
when you sl ow down, you get into or just beyond

stickshaker, the |eading edge devices extend

CAPI TAL HILL REPORTING | NC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

300

automatically, called auto-slats. And so we failed one
of those and had one cone out and one not cone out.
And that again, was pretty mnor naneuver. It only
rolls about 10 degrees.

Nunber 6 is basically the sane as Nunmber 3 up
there and does the sane thing.

MR, JACKY: And Nunber 7, M. Kerrigan spoke
to yesterday.

THE W TNESS: Yes.

MR JACKY: And | believe that Nunber 8 and
Nunmber 10 are relatively the sane?

THE W TNESS: Yes.

MR, JACKY: Could you discuss Nunber 10 then
pl ease?

THE WTNESS:  Ckay. Did you say Number 9 or
Nunber 107?

MR JACKY: | said Nunber 10.

THE W TNESS: kay.

MR, JACKY: Just skip Nunber 8, basically.

THE WTNESS:  Ckay. On Nunber 10, what we
were |l ooking there was the aileron rudder trades from a

dynamic input. W wanted to see what the maxi num roll
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rate was using just the lateral control system just
t he rudder system and then how nuch roll you could get
with them both used together hardover as quick as they
could nmove and then what would happen if you used them
in opposition.

Basically, what you have on the wheel input
rate for the data we got in the Performance Goup, if
you don't use any rudder at all and just slamthe wheel
hardover as far as it will go and hold it there, the
maxi num rate that you reach is about 23 degrees per
second, and that's normal for the 737. Because
basi cally when you do that w thout the rudder input,
the ailerons, in conjunction with the spoilers, wind up
with a slight adverse yaw. The nose doesn't turn into
the turn as quick as it would if you used coordinated
rudder, so you get a little bit of adverse and you
don't rolls quite as fast with ailerons only.

Wth all the other controls free with a
rudder input rate of full deflection as quick as you
could nove, it rolled to a maxinumrate of about 30 --
alittle nore than 30-32 degrees per second.

Now, the next one where we did conbi ned wheel
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words, you slamit over full rudder deflection and ful
aileron deflection into the turn into the same
direction, you got amazingly enough, pretty nuch the
sum of those two, which is about 55 degrees per second.

Wien we did the adverse inputs, in other
words, it was rudder to the left, wheel to the right,
full deflection over like that, the airplane initially
did roll into the rudder because of the large side slip
that you built up. It overpowers the ailerons at the
begi nni ng of the maneuver, but once this initial side
slip has danped out due to the stability, you wind up
with a maxi num rate of about 17 degrees per second.
And then once you reach a bank angle of 40 degrees, the
airplane stops rolling and the balance of forces are
such that you're out of the dynam c case and now back
into the static case and the rudder and ailerons are
bal anced.

MR JACKY: And finally, if you could
describe the test in Nunmber 9, please?

THE WTNESS: This was one of just many tests

we | ooked at just to get a general picture of the
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characteristics of the airplane in all the kind of
conbi nations and permutations we could cone up with and
this is one of the -- a rudder input hardover wth
[imted lateral control. In other words, they turned
off the roll spoilers and you had ailerons only. And
as | recall, in this condition of about flaps 1 and
190, the ailerons and the spoilers are just about the
sanme effectiveness.

So if you turn off the roll spoilers, you
basically have half the lateral control power that you
had previously. So in this case, with the rudder
hardover to the left, the airplane basically rolls
considerably faster to the left than it would normally.
And the maneuver in this case was basically the same
thing we got before. It was the nose dropping and the
airplane rolling, but it rolled so fast that it
conpleted the roll and wound up with about 45 or 60
degrees nose down, continuing to roll

MR JACKY:  Thank you.

I wanted to ask you a couple of questions
regardi ng sone of the sinulations of the wake vortex

nodel i ng. Let me ask first of all, did you participate
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in those simulator sessions?

THE WTNESS: Yes, | did. Iflew quite a few
of those.

MR, JACKY: And what was your genera
i mpression of the wake vortex as nodel ed by Boeing
engi neers?

THE W TNESS: I thought it was quite a good
si nul ati on. In nmy flight experience |'ve probably
encountered 10 or 15 of these things at all different
angl es; straight across, straight up, in |anding
configuration and whatever, including in the 737. And
I thought it was an excellent sinulation. It felt just
like it would in the real airplane.

MR JACKY: And how would that feel in a rea
ai rpl ane?

THE W TNESS: Basically, it depends on the
angle you cross the vortex at and how strong it is, but
typically a large crossing angle, in other words,
perpendi cular to the vortex stream is basically a very
hard hit but not nuch G Say 3/10 of a G And
typically it's very, very sharp, so it's |like sonmebody

hit the bottom of the airplane with a basebal |l bat.
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It's a jolt. And you say, "Ww, what was that?"

The nore you turn parallel to the vortex
stream the nore roll you get out of it, so that if you
slide into one parallel like this, basically if it's a
strong vortex and you're very close behind the
airplane, it typically will just take the airplane and
yaw and roll it quickly like that. zow And you wind
up typically in a 737 no nore than about a 30 degree
bank. It rolls very fast but not very long. And it
spits you out one side of the vortex and you wind up at
a maxi mum of about a 30 degree bank.

MR JACKY: And could you characterize the
Boeing distributed Iift nodel that they made for the
7377

THE W TNESS: | didn't look at particularly
the data itself, but the airplane in the simulator
certainly flewa lot like the 737. And again, | say
that the vortex interactions with the 737 felt just
like 1've experienced it in flight,

MR, JACKY: Do you believe that the sinmulator
aircraft flew with the distributed lift nodel off

conpared to the -- let ne rephrase that.
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The sinulator aircraft with the distributed
lift nmodel flown on -- or turned on, and with the
distributed lift nodel turned off, did you feel that
the reaction or the flying characteristics of the
airplane were simlar?

THE W TNESS: I don't think you can tell the
difference unless you' re doing sonething like a vortex
interaction. Normally, flying around, what they nean by
a non-distributed lift nodel is they just put the lift
on one wing at the aerodynam c center of the w ng.

It"s the correct lift and the correct rolling nonent,
so it feels normal to the pilot.

Wiat they're saying is that you have to use
the distributed lift nodel where you segnent the [ift
across the wing and then integrate it, because what you
have is you have the vortex interacting with only part
of the wing, not the whole w ng.

So what they wanted to show was the
increnental increase in the roll rate as you noved into
the vortex. So you couldn't tell the difference
between a distributed Iift nodel and a non-distributed

l[ift nodel if you weren't entering a vortex.
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MR JACKY: You had previously described the
yaw danper and the yaw danper operation in the 737-300
As a pilot, can you notice yaw danper input during
flight, normal flight?

THE WTNESS: Not really. Once you turn the
yaw danper on, it basically just does its job and keeps
the airplane from fishtailing. It makes the airplane
fly straight like it's supposed to. It's a series yaw
danmper, which neans that when the yaw danper noves the
rudder, it doesn't nove the pedals, so it's doing its
job, transparent to the pilot.

MR, JACKY: In your experience, would you
expect yaw danper input during the wake vortex
encount er?

THE WTNESS: Yes. And it would depend, |
guess, on how you entered the vortex. Typically, the
ones that we saw in the distributed lift nodel in the
vortex simulation, if you went straight in it fromthe
side, it was nostly roll and not much yaw. If you cane
at it fromthe bottom where you hit the vertical fin
first, it did yaw

And basically what the yaw danper does, it
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has a rate gyro on the back and it senses rate and puts
in rudder to stop that rate notion. So if anything
pushes on the rudder, a lateral gust or a vortex
encounter and it starts to yaw the airplane at a yaw
rate, basically the yaw danper says -- put an opposite
rudder to stop that rate.

So, yes, if you were in a vortex and you
continued to yaw, the yaw damper would put in as nuch
authority as it had until it stopped the yaw rate or it
was full deflection

MR JACKY: I neant to ask you a question
about your wake vortex encounter experience. Wen you
-- or how would you know that you had experienced a
wake vortex?

THE W TNESS: It's pretty unm stakabl e.
Basically, it's nothing |like you encounter in norna
flight. It basically feels |ike some giant hand
grabbed the airplane and just took it right away from
you and noved it one direction or another. It's a bit
di sconcerting, but --

MR JACKY: Can you characterize the |length

of time of this episode in general?
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THE W TNESS: In the ones |'ve seen, |'ve
never seen it last nore than just a second or two, two
seconds at the nost. The ones that we saw on the
distributed lift nodel and the vortex here were --
typically when you're out there flying around in the
real world you don't hit both vortexes. They cone off
the wing and they go down and they split. So
typically, you' re not going to see both of the
vort exes. You're only going to run into one of them
and it's going just quick roll you up and spit you out
the side or just give you a bunp as you go across it.

On the distributed lift nodel and vortex
interaction tests that we did in the sinmulator, we had
it set up so that you would go through both of themto
| ook at the worst case. And basically, it was very
difficult, even though the vortexes are actually
visual. You had to be very careful to get right in the
mddle of it or it would just spit you out the top
bottom or out one side.

It takes two or three tries to even get into
it. And the one that we finally did that |ooked rea

good is we went in the left side vortex. It rolls the
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airplane like this to the right, back, to the right,
and you cone out the other side. And even with the
autopilot on, it could control the airplane and the
bank didn't get nore than about 25 degrees.

But the typical, | think it was 1500 feet
squared per second vortex which we thought was the nost
representative

CHAI RVAN HALL: M. Jacky, if | mght just
ask a question here. On the 737, how nuch authority
does the yaw danper have?

THE WTNESS: Well, it controls three degrees
out of the 26, so it's not a very high authority
system

MR JACKY: Does the FMrequire pilots to go
t hrough any sort of wake vortex encounter training?

THE WTNESS: Not that | know of. There are
some good wite-ups in the Airman's Informati on Manua
and I"'m sure that -- | can just presune that the
airlines have sone information on that. But there's no
formal training that | know of.

["'m not sure exactly what you woul d do.

You'd have to just say stay out of it, because it
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You're in and out of it in a second or two.
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So the best thing is to keep yourself from getting into

one and there's sone techniques that

how to do

that; Advisory Grculars and the Airman's

I nformati on Manual

Boeing to

MR, JACKY: Does the FM plan on asking

perform any sort

to this accident?

0]

f flight tests in regards

THE W TNESS: Not at this tine.

MR JACKY: I have no further questions.

CHAI RVAN HALL:

Thank you,

M. Jacky.

Do any of the parties have questions?

I only see a hand fromthe Airline Pilot's

Associ ation. Anyone el se?

questi ons.

(No response.)
If not, Captain,

CAPTAI N LeGROW

your question, please.

Thank you,

Good norning, M.

THE W TNESS: Hi

CAPTAI N LeGROW

Ber ven

have j ust
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First of all, when the FM does a
certification or did the certification on the 737-300,
did they do a new aircraft certification test?

THE W TNESS: Basically, yes. There were
enough changes in the airplane. The |engthening of the
fuselage and the different engines, the different
material in the elevators and different cockpit,
different instrunmentation, that basically -- the stuff
that I'minvolved in is called Subpart B, which is
performance and flying qualities, and we did every one
of those all over again. And the systens tests that
were changed were basically -- nost all of them we did
t hose al so.

So it was essentially a new certification
program

CAPTAIN LeGROW  So it wasn't grandfathered
inin the previous nodels. It had a full new aircraft
certification?

THE W TNESS: Yes, it did.

CAPTAI N LeGROWN  Thank you.

THE W TNESS: | believe the original

certification basis was still used, but we did the test
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that we would do on basically a new airpl ane.

CAPTAI N LeGROWN  Thank you.

On the wake vortex, were you here yesterday
for M. Geen's testinony and M. Kerrigan's testinony?

THE WTNESS: Yes, | was.

CAPTAIN LeGRON  Both -- M. Geen testified,
if you recall, that the nost he would expect in a wake
vortex encounter would be 30 degrees and | think you
testified the same thing here when M. Jacky was
questi oni ng you.

THE W TNESS: Yes.

CAPTAIN LeGRON  You al so said that the nost
you' d expect would be 30 degrees in a strong vortex.
Coul d you define strong vortex, please?

THE W TNESS: | would say a strong vortex,
you know, is one that's where you're reasonable close
behi nd anot her airplane, |ike mninum separation. And
it's on a calmday and you're flying right through the
mddle of it and it hasn't dissipated or started to
break up due to turbulence, so it's kind of a fresh
vortex and your m ninum separation about another heavy

ai rpl ane.
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CAPTAI N LeGRON  Coul d you tell us what
m ni num separation between a 737 and 727 woul d be?

THE W TNESS: | really don't renenber. |
don't know. Three mles?

CAPTAIN LeGRON  Three miles.

THE W TNESS: I think so.

CAPTAIN LeGRONW  So if a 737 were four or
nore mles behind a 727, you'd expect something |ess
than a 30 degree bank? Wuld that be a fair statenent?

THE W TNESS: | really don't know.  There's
so much variation and atnospheric dynam cs that you
couldn't -- I don't think I could really say that.

|'ve seen, you know, you never -- |'ve seen
conditions where | never knew the airplane was even
there but | flewinto it and it was kind of wiggle Ilike
that. You know, five or 10 degrees. | knew it was a
vortex but | didn't know how old it was. | didn't even
see the airplane.

CAPTAIN LeGRONW  Would it be safe to say that
you woul dn't expect 50 degrees of bank as represented
in Boeing's vortex video yesterday?

THE W TNESS: | never saw that in the
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simulator test that | did.

CAPTAI N LeGROWN  Thank you.

I have no further questions.

CHAI RVAN HALL:  Any ot her questions from any
of the parties?

Does Boei ng have any questions for this
w tness? FM?

[f not, M. Marx.

MR. MARX: M. Berven, could you explain to
me when you would use rudder during a flight and what
operations would you use it other than engine out? A
pilot, pilot input to the rudders.

THE WTNESS: Typically for a jet transport
or any type of jet airplane, the rudder is the |east
used flight control. Typically, you use it for taxiing
and only if the engine is out. And sonetines you also
use it, depending on your technique, if you' re |anding
in a heavy crosswi nd. In that technique, basically,
you conme down -- if you have a hard crosswind, say from
the left, you bank the airplane to the left so that the
left vector cancels the drift of the crosswind and then

you use the opposite rudder to keep the airplane
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parallel to the direction of notion and you land it on
one wheel so that you don't get side forces on
t ouchdown.

So, for engine out, crosswi nds and taxiing is
typically when you would use it.

MR MARX: During the flight reginme of 427 at
the time of the upset, would you expect any of the crew
nmenbers to be using rudder at all at this tinme?

THE W TNESS: No. | believe they were on
aut opi | ot .

MR MARX If a wake vortex is encountered in
which there is a real upset of the airplane, what are
the pilots trained to do, or in your experience what
woul d you do as far as the rudders are concerned?

THE WTNESS: As far as the rudder?

MR MARX Rudder. Would you put any rudder
input into it?

THE W TNESS: Probably not because you
typically in a quick reaction situation or in an
energency like that, you're not going to do anything
that you haven't already been doing. If you had enough

to react or a couple of seconds and you were in a
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steady yaw, then you'd bring it back. But ny reaction
when | run into a rolling vortex like that is just to
put the ailerons over real quick and stop the roll. But
it's so quick. You know, you're only in it a second or
two that you just oppose it as much as you can with the
aileron and it spits you out the side.

| don't think you would have time to think
about wusing the rudder. It mght be instinctive, but I
don't know.

MR MARX:  Wll, do you know of any training
where they would be training pilots to use rudder in
t hat situation?

THE W TNESS: No. | don't know.

MR MARX:  The exhibit that's up, the
viewgraph that's up there right now, you were speaking
to adverse rates where you take the rudder and nove it
in one direction and the wheel in the opposite
direction.

| was a little bit confused. Maybe you can
explain it alittle bit, but let's assume that we had
left rudder, full left rudder at the maxinmum rate and

we had full wheel conpensating at its maxinumrate to
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the right. M wunderstanding is that you said sonething
about 17 degrees per second in the direction of rudder.
Is that right? | nean, as if the rudder was -- it was
rolling in the direction of left roll?

THE WTNESS: That's correct.

MR MARX:  Ckay.

THE W TNESS: It rolls into the direction of
the rudder initially.

MR MARX Because the rudder was nore
powerful because of the fact that it's at a faster
rate?

THE WTNESS: Well, yes. Because of the
dynam ¢ input of the rudder. But once that dynamc
input is over and the side that peaks and comes back
down to sone |ower value, then they usually bal ance
out. And the airplane, it rolls and wi nds up at about

a 45 degree stabilized bank for that condition.

MR MARX: Wuld the autopilot be -- let's
assune that we would have a full left rudder deflection
for sonme reason and it was on autopilot. Wuld the

autopilot continue to control the airplane?

THE WTNESS: Wll, the autopilot would
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attenpt to control the airplane but like the yaw
danper, the autopilot doesn't have full roll contro
aut hority. It can't use full control deflection. I
think it only uses about 40 percent of the aileron

So it -- in fact, when you do this naneuver
with the autopilot on, it rapidly puts the wheel
opposite to the roll in the direction of the rudder
but it only uses about 40 to 50 percent of the rol
defl ection so that the airplane continues to roll
rapidly into the rudder.

MR MARX:  Well, when you're on autopil ot
t hough, would you expect the autopilot to conpensate
the aircraft? | mean, at what point in tinme would you
know that you'd be getting into trouble with an
ai rpl ane?

THE WTNESS: \Well, basically, like I said,
when we do an autopilot hardover, we require that for a
maxi mum rate input of a failure that affects the
attitudes of the airplane, that from pilot reaction and
three second later, it not roll any faster such that
you wind up nore than a 60 degree bank. And what

happens when you do it with the autopilot on in this
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maneuver is that it rolls very, very rapidly.

So, if you assune that the pilot is basically
doing his normal duties, you know, watching for
airplanes and using basically the navigation and the
ATC functions, if something like a full rudder hardover
occurred, you would notice imediately that sonething
was happening at the mnute the airplane started to
roll. But it would take a couple of seconds to figure
out if in fact it was just a gust or sonething else was
goi ng on.

And if you look at it, let's say
representative from what we saw in the simulator, the
airplane typically rolls to about 40 to 50 degrees
before you' ve figured it out and have disconnected the
autopilot. And at that point, you put the rest of the
aileron and it still continues to roll over to a steep
angl e.

If you put the aileron in imediately, if you
di sconnect the autopilot and slamit over as far as you
can go quickly, the airplane rolls to about 90 to 100
degrees and the nose drops to about 60, but you can

pull it back out. If you don't put in full aileron
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imediately or if there's any delay in putting in
additional aileron, then it rolls all the way on over.

So the autopilot itself can't be designed
essentially for full 100 percent authority or they
couldn't pass the failure case. So the autopilot is
only about half authority or less. You' d only use half
wheel . But it did put in all it could.

MR MARX: And you're also speaking of a
situation in a simulator where a pilot was putting in
full left or full right rudder control and what have
you and then catching it with aileron control. [ think
you spoke of that in the beginning of your testinony.

| guess one of the questions |I would have is
surprise. \Wether a person is expecting this type of
thing to occur and the anount of tine it takes to
recogni ze that you have a problem and to cause a
correction. And you were speaking before of about a
three second reaction tine to occur.

Was this the type of stuff that this pilot
was taking into account? The fact that he would have
to have three seconds to react to this?

THE W TNESS: | guess | don't understand the
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questi on.

MR MARX: Wll, the question is if you're
simulating a condition where he is putting a hardover
rudder into the simulator and then correcting with
roll, he was able to keep it -- ny understandi ng was
that he was able to keep it fromrolling over on its
back.

THE WTNESS: Ch, | see what your question

MR MARX:  Yes. Now, he was assuming -- he
knew that this was com ng.

THE W TNESS: Ri ght.

MR MARX If you took into effect that you
didn't know it was coming and you had a reaction time
of three seconds to react to it, would you expect the
same result?

THE WTNESS: | would say no. If in fact --
we were basically disconnecting the thing at 50 to 60
degrees, which is basically when we got to it. There
was no intentional delay. If you catch it at 50
degrees and disconnect inmmediately and slam the

ailerons over, you can keep it up between 90 and 100
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degr ees.

| | ooked at sone of the other data basically
and on the ones where you did the maxi mum rate hardover
and didn't put the ailerons in, if you waited four
seconds fromthe initiation of the failures, which is
basi cal |y what the Europeans do, they don't wait unti
pilot recognition plus three. They just say it's one
second. It takes half a second to get the failure in
and half a second for the pilot to recognize it.

So if you do this maneuver assuning four
seconds from a hardover rudder with no pilot input |ike
you would do for an autopilot test, the airplane rolls
to about 120 degrees.

MR MARX:  That's over on its back

THE W TNESS: Yes.

MR MARX: Well, once again, | didn't finish
the question | had before with the 17 degrees left rol
-- 17 degrees per second when we were tal king about the
adverse rate. That's the initial adverse rate. Is
there -- when you say initial, does that nean at the
very onset of the roll or are you tal king about through

the roll, conplete roll, to get to a certain degree?
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In other words, is there an average? Wuld
it slow dow? Wuld it start at 17 degrees per second
and go to five degrees per second and have an average
roll?

THE WTNESS: Wll, basically the roll rate
has to build up. It's kind of a snooth curve. Wen
you first put in the rudder and opposite aileron it's
pretty much a snooth curve. It's parabolic. It goes
like this and accelerates and so that it conmes down to
a maxi mum point. And that's what |I'm tal king about was
the maximum roll rate, which occurs -- it's a function
of the roll danmping of the airplane and the amount of
control input. But it typically takes about a second
to a second and a half to maximumroll rate.

MR MARX: What was the roll rate on the
actual accident airplane, this 4272 Wuld it
correspond to that?

THE W TNESS: I renenber that it's sonething
i ke around 10 to 12 degrees per second.

MR MARX: Was the roll rate for the 427?

THE W TNESS: Yes.

MR MARX: Al right. Just one other thing
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I'"d like to -- the business with the degree per second
hardover on the rudder, we've heard testinony dealing
with five degrees per second, | think, from the Boeing
representative and you indicated about a 2-1/2 degrees
per second rate of change of rudder.

| don't know. Is this based -- the 2-1/2
degrees per second is based on what data? Boeing data?

THE WTNESS: You're tal king about the
conparison to the FDR? Wat | said was that initially
we tried to match the heading rate. In other words, as
the airplane departed, it does the sane thing. It
builds up to a certain rate and then conmes back down
like this. So we're looking at -- if you put the
rudder in at 2-1/2 degrees per second, |'mjust saying
that at a 2-1/2 degree per second hardover, the shape
of the heading departure |ooks the sane. It doesn't
match it exactly but it's fairly close.

MR MARX: That's with the full wheel
deflection that's trying to --

THE W TNESS: No. That's just the full
rudder.

MR MARX: That's just full rudder?
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THE W TNESS: Yes.

MR MARX So that's just a side slip?

THE W TNESS: It's a roll due to the side
slip and the yaw rate.

MR MARX | have no further questions.

CHAI RVAN HALL: M. dark?

MR CLARK: M. Berven, earlier there was a
di scussi on about steady heading side slip tests. And
inthat, 1 think I msunderstood. | thought you said
that you don't test to full flight control input.

THE WTNESS: Not dynamically. W do
statically. In other words, we stabilize very slowy
until we reach full control deflection to see that the
rudder doesn't what I1'lIl call overbal ance or cone up
with some reverse in the hitch monent. And also that
the aileron forces are proportional to the side slope.

MR CLARK: kay. That's what | neant.

THE WTNESS: W do go to full deflection but
not rapidly.

MR, CLARK: kay. Thank you.

One ot her questions. In your experience wth

your encounters with flight vortices and with the
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si mul ati on experience, would you expect the 737 to be
upset by the wake of a 727?

MR. CLARK: Not nore than 30 degrees.

MR CLARK: That's all | have. Thank you.

CHAl RVAN HALL: M. Schl eede?

MR SCHLEEDE: Thank you.

M. Berven, we're going to have sone
testinmony later in detail about the yaw danper system
on the 737. I wanted to ask you a few questions about
that before you get off.

Have you experienced maxi mum rate step input
yaw danper failures in flight?

THE WTNESS: Yes, | have. Intentionally for
the flight testing, but primarily the original test
that | did was in the 727-200, which was -- where the S
pi ece at 177 autopilot, which in fact should be worse,
because it was a four degree yaw danper at the tinme and
a lighter airplane.

Typically, the characteristics there are it's
a function of airspeed pretty nuch. In the approach
mode, for instance, if you're making a auto |and and

you have a yaw danper hardover, it's hardly noticeable.
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The autopilot rolls up about two to three degrees and
continues on to the auto | and. [t's just very benign

On the other end of the spectrum up at VMO,
which is 365 knots indicated, | believe, it's a little
nore of a reaction of the airplane. | believe for the
data shown there that you get about a third of the G
lateral bunp, so it jerks you off to the side and the
airplane rolled -- | believe it was 45 degrees wth
pilot reaction. No. It was 49 degrees if they didn't
di sconnect the yaw danper and 42 degrees if they did.
And that's with the three second delay from pil ot
reaction.

In the mddle range or the slow speed, |ike
we're talking about with flaps 1 and 190, the typica
har dover is very benign. It only rolls about 20
degrees or |ess.

MR SCHLEEDE: Is that assuming a three
second response?

THE WTNESS: That's with a three second
delay after pilot reaction.

MR SCHLEEDE: Regardi ng that system you

nmentioned about turning it off, what is the procedure
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for response to a yaw danper mal function?

THE W TNESS: | don't believe -- | guess |
don't know. In flight tests basically we just oppose
it with the rudder after the three second delay. W
use aileron and rudder to recover fromit.

MR SCHLEEDE: Does the yaw danper, this type
of a malfunction sonething that's considered during
your responsibilities in flight tests for handling
qualities?

THE W TNESS: Yes.

MR SCHLEEDE: Is it something that's
considered for certification of the aircraft?

THE WTNESS: Yes. W do that as a part of
the automatic flight control system evaluation. W do
autopi l ot hardovers and yaw danper hardovers throughout
the flight envel ope of the airplane.

MR SCHLEEDE: How woul d you characterize
step input yaw danper nmal functions? Wuld you consider
them a safety problem for flight safety?

THE W TNESS: | guess depending on where you
were and whet her you were standing up or not. At

cruise flight with a yard danper hardover, it wll

CAPI TAL HILL REPORTING | NC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

330
knock you over if you're in the back of the airplane,
but it's not a hazard from the safety standpoint of the
ai rpl ane, no. It not an uncontrollable maneuver for
the pilot, although it is unconfortable and quite a
good jerk.

MR SCHLEEDE: Have you participated in 737
flight tests of thrust reverse deploynents in flight?

THE WTNESS: Yes, | have.

MR SCHLEEDE: Can you describe those briefly
for us?

THE W TNESS: Basically, the maneuver we do,
-- if I can remenber this. The maneuver we do is
basically to assure that if the thrust reverse cones
out that you can continue with safe flight and |anding.
And we do this at about -- | believe it was about 200
knots where we put a -- and normally you can't do that
because it's |ocked out due to the air ground swtch.
But we put in a nodification to allow us to do that.
So, we stabilized the airplane at idle on one engine
and around 200 knots -- it varies with the airplane --
and extend the thrust reverse to its full deflected

position with the engine at idle. And we |ook at the
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operational characteristics of the airplane; whereas,
how nmuch roll, how nuch yaw, how rmuch buffet.

And basically, we only do that at idle
because there's basically what we call a throttle
snatcher in the control system such that if the reverse
unlocks, it pulls the idle -- the throttle, all the way
back to idle inmmediately.

So we | ook at that characteristic and,
depending on the airplane, -- as | renenber on the 737
it's not a significant problem There is sone buffet
and roll but you can continue the airplane, continue
safe flight and landing even if you don't shut the
engi ne down.

MR CLARK: And this throttlle snatcher, is
that systeminstalled on the 737-300?

THE W TNESS:  VYes. | believe so.

MR SCHLEEDE: During those various tests
that you described with M. Jacky and the hardover
sinmulations, did you note anything that would cause you
to question any of the decisions nmade on the origina
certification of this airplane?

THE W TNESS: No, not at all. The aircraft
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net all of the airworthiness rules handily and really
flies quite nicely.

MR SCHLEEDE: Thank you very nuch.

CHAI RMVAN HALL: M. Laynor?

MR LAYNOR  Just a couple, M. Berven.
think clarification.

I"mnot quite sure | understood the extent to
whi ch you test hardover flight controls beyond the
autopilot authority. I think you said you did not test
dynam cally but you did test statically.

What regulatory requirements assure
protection against a non-tested control deflection?

THE W TNESS: I'"'m not an expert on failure
nodes and effects analysis, but based on ny basic
know edge and what | think that happens on this
airplane is that basically the flight control systens
aren't tested. The primary flight controls are not
tested for hardover testing because they have so nuch
control power by the nature of the design that you
could lose the airplane if you do that.

Therefore, the initial intent is that you

can't have that happen. Basically, the flight contro
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systens have to be as safe and prevented from hardovers
as the basic structure of the airplane.

| believe that the certification basis for
the 737 says that you can't have any single failure or
any latent failure plus one nore that woul d cause you
not to be able to continue safe flight and | anding.
And basically, their failure analysis shows that.

So our inpression is that a primary flight
control system hardover is inpossible and has to be
i npossi bl e.

MR SCHLEEDE: Ckay. So it's airworthiness
redundancy requirenments that are the protection

I's the yaw danper a required piece of
equi pment in the 737 per dispatch?

THE W TNESS: | believe it is. And you can
di spatch it to a certain altitude, but |I'm not an
expert on that. | don't remenber. I think it is
required.

MR SCHLEEDE: Are the handling qualities of
the airplane satisfactory w thout the yaw danper for
normal |anding, takeoff and cruise situations?

THE WTNESS: Yes, they are.
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MR, SCHLEEDE: You nentioned yaw danper
har dover. It would typically, perhaps roll the
airplane to about 15 degrees before the pilot reacted
and stopped that roll.

Now, you didn't say what kind of roll rate
m ght be associated with that. Is that --

THE W TNESS: | really don't know what that
would be. You're looking at a very non-linear event
t here. Just about the tine the roll rate peaks is when
you recover, so it's basically continuously changing
from zero to whatever the nmaxi mum woul d be and you'd
wind up with an average that would give you essentially
15 degrees in 3-1/3 seconds, whatever that is. It's
not very fast.

MR SCHLEEDE: Al right. And only one nore
for clarification.

In the description for the exhibit that's
still up on the screen back there, what speed were the
roll rate tests made that were described under Nunber
10 on that exhibit?

THE WTNESS: These are all done at 190 knots

with flaps 1.
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MR SCHLEEDE: 190 and with flaps at |?

THE WTNESS: That's right.

MR SCHLEEDE: (kay. The accident condition?

THE WTNESS: That's correct.

MR SCHLEEDE: Thank you very much, M.

Ber ven.

CHAI RMAN HALL: Again, just a few questions.
| appreciate your time up here.

You earlier described a side slip and I
believe the accident flight itself was in a turn, it
appears, at the tine this encounter happened. How does
a side slip or a turn affect the authority of the yaw
danmper or the rudder in a hardover?

THE W TNESS: | guess | don't understand that
questi on. Typically in a turn the autopilot, basically
the airplane is flying pretty narrow at zero side slip,
so that autopilot -- the yaw danpers is working plus or
m nus about that to keep it at zero, to keep the yaw
rate to zero in any case.

CHAI RVAN HALL: In a side slip you wouldn't
get any nore authority out of the yaw danper in terns

of --
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THE W TNESS: No. It would be the sane.

CHAlI RVAN HALL: It woul d be the sane. Ckay.

Is there anything in your opinion besides the
rudder that could give a roll rate consistent with the
trace on the flight data recorder?

THE W TNESS: Based on all the testing we
did, that was the only control that would cause it to
roll that fast.

CHAI RVAN HALL: Ckay. And let me see. Your
testing that you do for certification, do you have the
autopil ot on when you try these hardovers or are you
hand flying the plane?

THE WTNESS: Wll, we don't do any hardovers
with the autopilot off. As | pointed out, we don't do
primary flight condition hardovers. Wen we do the
autopi l ot hardovers, we're not -- we have no hands on
the controls. Basically, we're using a stopwatch.
Sonmebody in the back initiates the yaw danper servo
hardover and | wait until | see sonething and then |
count mark 1002, 1003 and then recover from whatever
maneuver that they input.

What you typically do at the end of that
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three seconds, you disconnect the autopilot and then
recover back to level flight.

CHAI RVAN HALL: M. Berven, in my opinion you
have done an excellent job of representing the Federa
Aviation Adm nistration. You' ve been a good witness.
Thank you very nuch. You' re excused.

THE W TNESS: Thank you.

(Wtness excused.)

CHAI RVAN HALL:  The next witness we wll cal
is M. Mchael Carriker. If M. Carriker could
approach, he is a Senior Engineering Project Pilot on
the 737. He is wth the Boeing Commercial Airplane
G oup out of Seattle, Washington

(Wtness testinony continues on the next

page. |
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M CHAEL CARRI KER, SENI OR ENG NEERI NG PRQJIECT PILOT 737
BOEI NG COMVERCI AL Al RPLANE GROUP, SEATTLE,

WASH NGTON

(Wher eupon
M CHAEL CARRI KER,

was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and
testified on his oath as follows:)

MR SCHLEEDE: M. Carriker, could you give
us your full name and business address for the record?

THE WTNESS: M chael Carriker, Boeing
Commercial Airplane Goup, Post Ofice Box 3707,
Seattl e, Washington

MR SCHLEEDE: What is your position wth
Boei ng?

THE W TNESS: I''m a Senior Engineering Test
Pilot, Engineering Project Pilot, assigned to the 737.

MR SCHLEEDE: How | ong have you worked for
Boei ng?

THE W TNESS: Five years.

MR SCHLEEDE: Could you briefly describe
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your education and background?

THE W TNESS: | have a B.S. in aeronautical
engi neering. | spent 12 years in the United States
Navy, a graduate of the United States Navy Test Pilot
School and an instructor at the Navy Test Pilot School
and an instructor at the Enpire Test Pilot School in
Bosconbe Down, Engl and.

Since com ng aboard for Boeing, | have type
ratings in all the current production airplanes and a
provi sional type rating in the 777. ["mflight
instructor qualified in the 737 and the triple 7.

MR SCHLEEDE: Roughly, how nuch total flying
tinme do you have?

THE WTNESS: About 4,700 hours of flight

tine.
MR SCHLEEDE: Is that nostly flight tests?
THE WTNESS: About 3,000 of it.
MR SCHLEEDE: How much, roughly, do you have
in the 737?

THE W TNESS: 1, 300.
MR, SCHLEEDE: Thank you very nuch.

M. Jacky wll proceed.
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MR, JACKY: Good norning, M. Carriker.

THE WTNESS:  Good norning.

MR JACKY: I want to ask you first of all in
what capacity did you participate in the investigation
of the accident in 427?

THE W TNESS: Initially I was assigned to the
Operations G oup. On the nmorning of the accident it
becane apparent that the Operations Goup had enough
peopl e. They weren't going to actually go to the
scene. I requested permssion to join the Cockpit
Voi ce Recorder Team so | went to Washington, D.C. and
participated in that regard.

Wien they canme back to Seattle to start doing
the sinulator evaluations, ny position of being on the
CVR team and aware of the accident and nmy job as being
a 737 engineering pilot, | assisted the Performance
Goup in the sinulations.

MR, JACKY: When the FM is performng
certification flights for certain aircraft,
specifically Boeing aircraft, are Boeing pilots
represented in those tests?

THE W TNESS: Yes. At all tines. The
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sequence of events is that the Boeing Conpany goes out

and perforns the tests. And like M. Berven said, when
we're ready to denonstrate the airplane, we get what's

called fromthe FM a type inspection authorization and
then a Boeing pilot goes along with an FM pilot from

the Aircraft Certification Ofice and we denonstrate to
t hem It's the FAA's choice whether they want to watch
or if the FMpilot wants to fly it. That's a deci sion
made on a case by case basis. And then the airplane's

performance flying qualities are denonstrated to conply
with FAR Part 25 regul ations.

MR JACKY: You nentioned the FMs Aircraft
Certificat ion Ofice. would that be the office in
Seattle?

THE WTNESS: There is one in Seattle. Yes.

MR JACKY: And would that generally be the
particular group that M. Berven works with?

THE W TNESS: Yes.

MR JACKY:  kay.

THE W TNESS: I hope | have all ny FMterns
correct.

MR JACKY: Did you have an opportunity to
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participate in the FM-- let ne back up for a mnute.

In the simulator studies that were performnmed
for the Aircraft Performance G oup and al so previous to
that for the FM the studies were performed in
Boei ng's en-cab simulator. Is that correct?

THE WTNESS: That's correct. W have an M
that stands for nultipurpose cab. Like M. Kerrigan a
little bit yesterday, it is a generic airplane
sinmulator. W can change the paraneters very easily in
the sinulator. It has the exact database that goes
into any sinmulator, but we know the individual
coefficients of the aileron, the spoilers, the rudders,
and we can control those variabl es.

So if we want to in this case sinulate a
fault, then we can instruct the conputer to take that
part out or add that part into the sinulator database,
the program that cal culates the nunbers that display in
the cockpit so we can nake these changes and we can
make them increnentally.

W can also input those faults fromthe
outside so the pilot doesn't have to step on the rudder

peddl e at 2-1/2 degrees per second. W know that it
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goes in and we know that it goes in at the right tine
and the correct rate.

MR, JACKY: And how are those inputs
control |l ed agai n?

THE WTNESS: W have a conputer operator
The sinulator operator just types them in, changes the
variables in the conputer program and |lets them go.

And they know from their aerodynam c data how to change
the variabl es.

MR. JACKY: There was sone tal k yesterday
about the conparison between an engineering sinmulator
and an airline training simulator, | believe. In your
opi nion, how do those conpare?

THE W TNESS: Froma f Lyiing qual ity
standpoi nt and a handling standpoint, there is no
di fference. W don't need to have radio panels in
there. W don't need to have a transponder panel
We're not |ooking at those things. W actually have a
different simulator to do lighting evaluations.

The multipurpose cab is there for flying
qualities analysis, systens failures analysis, things

like that.
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MR JACKY: Did you happen to hear M.
Berven's testinony?

THE W TNESS: Yes.

MR JACKY: And were you present when the FM
performed the sinulator test at the Boeing M cab?

THE WTNESS: Yes. M. Berven was in the
left seat and | was in the right.

MR JACKY: | don't necessarily need for you
to go through each and every one of the tests that were
performed in that sinulator session, but could you
characterize the sinulated failures that were run?
Well, can you characterize the sinmulator failures that
were run?

THE WTNESS: They were the sanme general
scenarios that we had for the first Perfornmance G oup
investigation, although we couldn't put the rates in.
W had to manually put these rates in. And what we
were interested in |looking for were, as M. Berven
said, you know, hardover rates, the type of recoveries,
what it takes to look at, what effects, you know, what
is the visual scene outside the airplane, what cues did

the pilot have. Also interested in where the sinulator
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woul d result. You know, what results the sinulator
woul d get back out.

W found that with the data in the sinulator,
as M. Kerrigan said yesterday, when you get to these
very high angles of side slip, 10, 12, 15 degrees of
Beta and then you also put the airplane up to 3 and 4
Gs and put it above the stall of the airplane, the
simulator -- we don't know how valid our sinulator
nodel is after that point in time because we don't have
any flight test data. W've never spun the airplane.
We've never put in full rudder peddle and full left
sti ck.

MR JACKY: And how would you characterize
the results of this test? W still have the sheet up
from Exhibit 13-B and you nentioned that the tests that
were performed in the FM sinmul ator session were
conparable to the ones ran in the first Aircraft
Performance G oup session?

THE WTNESS: Yes, except that they weren't
quite so controll ed.

MR JACKY: kay.

THE WTNESS: W didn't have the specific
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poi nts.

MR JACKY: And without necessarily going
t hrough each of the test, how would you characterize
the results of these tests?

THE W TNESS: | agree with -- M. Berven nade
sone points that when you fly the airplane and you put
ina-- put in slow rudder rates and proper recoveries,
the airplane flies like you' d expect any airplane to
fly. You have control power. The airplane responds to
what the input is.

W saw that if you delay a reaction or if you
don't put in a full and proper authority reaction to
what's happening then the recovery is markedly
different than if you put in full tinely controls.

W tried lots of things also. W didn't have
a great idea of what had happened at that point in
time, what had happened in the accident, so we were
trying to match scenarios. Wat does this do if we do
this? Let's look at the results. It cones out the
ot her side. Does that match the flight data recorder?
Vll, no, it doesn't. And that would help elimnate

possibilities.
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MR JACKY: Is it your opinion that any one
of these tests mght have replicated the FDR traces at
least initially of the upset?

THE WTNESS: W can't find the -- on these
tests that we did for the FM and for the first time
that the Performance G oup was there, none of them
really replicates the whole event. That's why we went
with the vortex simulation because we can't get a
single failure that causes the initial oscillation
between the 7 degrees and back to 30 and back in 18-19
degree range and back over.

But then we knew that sone sort of yaw ng
input was put in and it was added by a rate, a slow
rate as conpared to what the possibility of it is. And
we found that the 2-1/2 degree and the 5 degree per
second rudder input rates matched from a qualitative
st andpoi nt . From a pilot standpoint sitting in a
simullator and reading the flight data recorder, they
were mat ching each ot her

But the . 5 degree per second was too
sl ow. The rudder hardover rate when it runs at 52

degrees a second exhibits -- it has to -- if it yaws
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very nmuch, you'd get a very definitive heading change
before the airplane rolls.

MR JACKY: Did you participate in the
simul ations of the wake vortex nodel ?

THE W TNESS: Yes, | did.

MR JACKY: And what was your experience on
the quality of Boeing's nodel of the wake vortices?

THE W TNESS: | thought it was very good.
I've never seen a wake vortex. The five or six
encounters that I've had in a 737, it matched it very
wel | . It's what you' d expect.

W tried several different events to prove to
ourselves that it worked well. W didn't always start
on the left side and stick the right wingtip into the
vortex. W started in the mddle of the vortex, put
the center of the gravity of the airplane in the mddle
of the vortex, and watched it have this pure rolling
nonent, which was indicative of what we had.

So, we could verify that the simulation was
as good as any sinulation we have ever had.

MR JACKY: So qualitatively the results

woul d be simlar to what you' ve experienced in flying?
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THE WTNESS: Yes. And | did that from --
know that the times that |'ve known what the vortex
was, we do a flight test technique called a wind up
turn. It's to look for stability characteristics in
the airplane. But in those cases you do a very rapid
360 degree turn and you cross back through your own
vortex and then you get that thunmb that M. Berven was
talking about. And that's definable. You know that
you're the one that caused it.

And so we did the same sort of test here and
we got the sane reaction. Remenber that we can't
really predict upon the vertical acceleration in the
cab because there are hydraulic jacks and rans and
there's limted authority. But the gauges displayed
the sane sort of vertical G bunp that you'd expect to
have in the airplane. Plus the notion sinulator is
very good and it also hel ped out.

MR JACKY: Have you ever experienced a wake
vortex trailing behind another aircraft?

THE W TNESS: Yes.

MR JACKY: Could you characterize the

duration of that experience?
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THE WTNESS: They are in the one or two
second time frame. The ones that |'ve had behind
another airplane trail is landing behind 747's and
getting rolled due to that. And it's basically that
the airplane rolls rapidly, but at the same tinme the
l[ift vector of the airplane has a tendency to take you
right out of the vortex. So you get this rather -- you
get a rapid rolling noment, but then at the sane tine,
that rolling nmonent also takes the vector of the
airplane and takes it out of the vortex.

So you get this rolling monent and then it's
done and you're left at sonme 20-30 degree bank angle
from which you recover from

MR JACKY: Are you famliar with the yaw
danper system on the 737 aircraft?

THE WTNESS: | have general famliariity with

MR JACKY: Is it your experience that you
can feel the yaw danper actively noving during nornal
operation?

THE W TNESS: During normal operations, no,

you can't. Someti nes you can perceive it working. In
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a turbulent situation you can possibly feel it working,
but it's very hard to distinguish between the yaw
danmper working and outside turbul ence.

There is a gauge in the cockpit and | can't
quite make sure if it's a customer option or if it's
there and it actually shows a yaw danper actuat ing, but
it's not a normal item that you scan.

MR JACKY:  You nentioned gauges in the
cockpit. Are there any gauges in the cockpit that
woul d indicate the position of the different contro
surfaces on the 737?

THE W TNESS:. No. There's trim position
indicators for the airplane but to |ook at the elevator
position, the rudder position and the aileron position
you' d have to look at your feet and your hands.

MR, JACKY: In your experience in the 737
have you ever encountered an in-flight thrust reverser
depl oynent ?

THE W TNESS: Yes. Yes, | have.

MR JACKY: And could you characterize what
t hat experience would be?

THE W TNESS: The test that we did it, we did
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it at 250 knots at the beginning with the engine at

idle and you have to bypass the safety systens and open

it up.

Even though I was the one that opened up the
thrust reverser, it was a -- it's very loud. There's a
lot of buffeting and vibration in the airplane. It's

control | abl e. Alittle bit of rudder peddle and a
little bit of aileron stops the roll rate and you can
fly with it.

Wiat was interesting to me was the anmount of
noi se and shaking in the airplane that went on when
that thrust reverser opened up. And we continued down
to flaps 1 and 210 knots. W got down to flaps 5 and
deci ded to shut the engine, to close the reverser bay.

MR JACKY: Do you know whether the thrust
reverser deployed all the way?

THE W TNESS:  VYes. It deployed all the way.

MR JACKY: And did you feel any appreciable
yaw nonent as a result of that deploynent?

THE W TNESS: Yes.

MR JACKY: You said that you were a nenber

of the Cockpit Voice Recorder G oup. Is that correct?
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THE WTNESS: That's correct.

MR, JACKY: And as a nenber of the cockpit
voi ce recorder group, did you have an opportunity to
listen to the CVR take fromthis?

THE W TNESS: Yes.

MR, JACKY: Was there any sounds or noises
during the listening of the tape that would be
indicative in your experience of a thrust reverser
depl oynent ?

THE W TNESS: No.

MR, JACKY: | have no further questions.

CHAI RVAN HALL: Thank you.

Any questions from the parties?

| only see a hand from Boei ng.

Any other party have a question? If not, M.
Purv+is, pllease proceed.

MR PURVIS. M. Carriker, we have a couple
of questions for you.

You were just talking about the thrust
reverse in-flight deploynent. Wuld the throttle snatch
system bring the engine paranmeters down that would be

observabl e on the FDR?
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THE WTNESS: Yes. W didn't -- in our
flight test we didn't test that system W were
testing for flying qualities with the thrust reverser
open, SO in a controlled test, we put the throttle at
idle and then opened up the thrust reversers. But the
systemis designed to bring the throttle back to idle
if the thrust reverser opens.

MR PURVIS: And on the accident airplane, if
it cane open, you would have seen it on the --

THE W TNESS: Yes.

MR PURVI S: -- flight data recorder?

THE W TNESS:  VYes. It would be been
i ndependent of the other engine.

MR PURVIS: Thank you.

I"d like just to clarify that you flew these
flight simulations that are shown on Exhibit 13-B, page
4 that's on the viewfoil nachine?

THE WTNESS: That's correct.

MR PURVI S In the Item 2 that's called
Rudder Hardover Rates, was the airplane traveling at
the accident -- or at the 190 speed and 1 degree flaps?

THE W TNESS: Yes. The test conditions on
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all these performance tests that the Performance G oup
did, the test conditions were the same altitude, sane
airspeed, sane flap configuration setting. The
airplane had the sane gross weight. The airplane had
the sane center of gravity and we had the sane systens
built in the airplane so that we'd know that fact.

MR PURVI S: For the Condition A where it
shows half a degree per second rudder hardover rate,
was the airplane fully recoverable under those
condi tions?

THE WTNESS: Yes. The rate is so slowin
that case that you just watch it for a few seconds and
you kind of say, you know, "Wat's going on there?"

The autopilot conmes in and the autopilot counteracts it
easily in the beginning and then you have tine to
analyze it and take it off. And then your feet, if you
have your feet on the rudder peddles, your feet are

novi ng.

MR PURVIS: And a simlar question for the
2-1/2 degree/second. Was it fully recoverablle under
t hose circunstances?

THE WTNESS:  Yes.
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MR PURVIS: And for the 5 degree/second
rate?

THE WTNESS: Wen you're talking about in
the 5 and the 10 and the hardover rate, all these
events are recoverable events.

MR PURVIS:  (kay.

THE W TNESS: | guess to expound upon that,
the recovery, it would be as M. Berven said. You
woul d see probably 90 degrees angle of bank, but as
long as you put it in full opposite flight controls and
you flew the airplane to the best of its ability, you
would roll out. You would out and go back to w ngs
| evel .

MR PURVI S: Ckay. | want to nove on to the
yaw danper system On the 737-300 is the yaw danper
system required for dispatch?

THE W TNESS:. No. On the 200 airplane it was
required for -- you couldn't fly with the autopilot on
above -- 30,000 feet strikes ne. But in the 737-300,
-400 and -500, the yaw danper is not required for
flight.

MR PURVI S: In your experience wth
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encountering wake vortex, can you get nore than 30 or
40 degrees of airplane roll?

THE W TNESS:  VYes. It depends how you put
it. In a nodel, we've seen that. W know from doi ng
their student once. Boeing did a test of flying behind
a 747 with a 737 in the 1970's and that airplane rolled
up to about an 80 degree angle of bank in a worst case
scenari o. In our tests that we performed, we had to
play with it quite a bit, but if you made the
paraneters just right, you would see in the 50 degree
range of a bank angl e.

And that was getting into one vortex and
having it spit you back into the next and you coupl ed
up the events. If you just started in the mddle of a
high vortex and turned the simulator on with the center
of gravity of the airplane parked in the mddle of the
vortex, you would get in the 50 degree range.

MR PURVIS: You participated in the recent
test where the NTSB groups used the CVR coupled with
t he sinmulation?

THE WTNESS: That's correct.

MR PURVIS: What was your inpression of that
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experi ment ?

THE WTNESS: The inpression was, one, that
it brought back into focus the tinme that the event
happened. It could have added awareness to having the
cockpit voice recorder |ooking at an airplane that does
this same scenario, the same thing the flight data
recorder said it did, and it |lended (sic) nore enphasis
to listening to the tape to try to get any noises and
to see if it could capture anybody's ideas of what sonme
of the unidentified noises were -- are.

MR PURVI S: Based on your participation in
that test, do you have any recomendations for the
future, such as using it earlier or anything?

THE W TNESS: I thought it was very
beneficial . I think the people that got the npbst out
of the test were the people that were actually on the
cockpit voice recorder team because we already knew to
ignore some of the voice comments, the radio comments
that we already knew and that we could listen to the
background noises to try to pick these things out.

O course, | think sone of the fol ks that

hadn't listened to the tape prior spent a lot of time
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just listening to the voices and couldn't pick up --
couldn't ignore those points.

Also, we listened to a very small part, about
a mnute's worth, and people couldn't recognize voices
and that kind of effect. So one of the points we
brought out was to maybe play four or five mnutes once
prior to it so you' d get the setting of the idea, the
concept of what's going on in the cockpit.

MR PURVI S: How about timng w se during the
investigation, the doing of this test? Do you have any
recomrendati ons there?

THE W TNESS: It could have been done
earlier. Sonetines we have -- since we have an idea
that this is a benefit, it could be done earlier in the
tests to elimnate a lot of questions that were
floating around. You know, of what if, and does this
and do that. Because like nyself, | couldn't answer ny
own conpany's questions because | was sworn not to tel
anybody what was on the CVR

MR PURVIS. Thank you.

M. Chairman, | have no nore questions.

CHAI RVAN HALL: Thank you.
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Any questions, additional questions from the

parties?
The Airline Pilots? Yes, sir, Captain.
CAPTAI N LeGROWN  Thank you, M. Chairman.
Good nmorning, M. Carriker.
You made reference to the vortex simulations
t hat we done at Boei ng. Is it nmy understanding from

M. Kerrigan's testinony yesterday that those were done
with the suspended vortex, both vertically and
hori zontal I y?

THE WTNESS: Suspended? | guess | don't
under stand suspended vertically and horizontally.

CAPTAIN LeGRON  wWell, if | recall M.
Kerrigan's testinony yesterday when the nodel was nade
for the video that was produced by Boeing, that the
vortex was suspended and then the maneuver was done
with a suspended vortex.

THE WTNESS: Ch, that's correct. | guess
maybe | could explain a little bit better how we did
this sinmulation. | think people had an idea how we had
to break the airplane up into pieces so that we could

nodel the flow in individual increments across the
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ai rpl ane because you can put your right wingtip into
the flow and there's no effect on the left wingtip. So
we needed to have this to break this down.

But the vortex, we could nodel the velocity,
basically the rotational velocity of the vortex and we
could start at zero in the mddle and then it rises to
its peak and | think we ended up at four feet. And
then it decays with the inverse of the radius of the
vortex after that. And they are perfect vortexes.

In our sinulation, the vortexes were rapidly
descendi ng but the value of the vortex was always
constant. And our visual simulation went along for
about five mnutes or so before we actually ran out of
the visual, although the vortex would calculate -- it
woul d cal cul ate the vortex forever

So we had the ability in the simulator to
start the event wherever we wanted to. W could start
it above the vortexes; below it; left or right; or
like | stated, directly inside the vortex. And we
could find the vortex. That's one thing that we noted
bef ore. That if you don't identify the vortex in the

visual then you can't find it. And it's too difficult
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to read a series of nunbers to know where you are.

So we put the visual out there. The outside
picture that you saw yesterday was an outside canera
Vi ew. From inside the cockpit, we could |ook over and
see or |look up and see these two gold and purple tubes
in the sky with a red bar down the mddle that
signified the centerline of it. And we did fly into it
from any position we wanted.

W could start the sinmulator from any
position we wanted to and then fly into it; hand fly
into; let the autopilot fly into it however we wanted
to get into the sinulation.

CAPTAI N LeGRON  In your opinion is this
sonething that would be representative of an actua
encount er?

THE W TNESS:  VYes. If you had a perfect
vortex out there, yes, it would be. And, you know, you
can turn one off. Actually, the nore realistic one was
to turn one of the vortexes off and then just run into
one. And that was very representative of what you'd
expect .

Normally, -- | can't ever say that |'ve been
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vortex rolled ne back to the right; whereas, in this
case we could watch it, very definitively watch all
these notions.

CAPTAI N LeGRON  Did Boeing produce a video
with a single vortex?

THE W TNESS: I don't think so.

CAPTAI N LeGRON  You testified a few m nutes
ago that you've encountered in actual flight vortexes.
I's that correct?

THE W TNESS: Yes.

CAPTAI N LeGRON  And you described them as
sonething of an 80 degree bank, if | recall?

THE W TNESS: No. I quoted a Boeing flight
test fromthe early '70s where they flew a 737-200
purposely behind a 747 and rolled the airplane up.

CAPTAIN LeGRON Do you recall at what
di stance that was?

THE WTNESS: No, | don't. About a mnute.

CAPTAI N LeGRON I n your experience as a
prof essional pilot have you encountered a wake vortex

froma 7277
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THE W TNESS: No.

CAPTAIN LeGRON  Thank you, M. Chairman.
have no further questions.

CHAI RVAN HALL:  Thank you. Does t hat
conclude the questions from the parties?

(No response.)

If so, M. Marx.

MR MARX During the sinulation testing that
was perforned, were the pilots that were flying the
sinmulator, where did they have their feet?

THE WTNESS: On the rudder peddl es.

MR, MARX: During normal flight of a 737
woul d you be expected to have your feet on the rudder
peddl es?

THE WTNESS: W'd normally expect to have
the pilots' feet on the floor in the front of the
rudder peddles or on the rudder peddl es.

MR MARX Is there any other position that
the pilots' feet could be besides on the floor or on
t he rudder peddl es?

THE WTNESS: Ch, sure, there is, but it

woul d be what you would think to be a proper pilot
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posi tion.

MR MARX | mean, is there a foot rest that
they have in the cabin where you can put your foot up?

THE W TNESS: No. There's not a specific
foot rest inside the airplane.

MR MARX [t's not. But is it used as a
foot rest?

THE W TNESS: Yes.

MR MARX Is it comonly used as a foot
rest?

THE W TNESS: It wear out a lot. Yes.

(Laughter.)

MR MARX:  Well, I'mtrying to get an idea if
pilots normally would fly with their feet on the rudder
peddl es and the consensus |'m getting here is that they
don't. They have their feet on the floor.

Is that different than what --

THE W TNESS: | think it has to do with the
phase of flight. You could say in this phase of flight
where 427 was, that the pilots would have had their
feet on the floor or on the rudder peddles. It's

10,000 feet. They're ready to land. They've done all
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their proper briefings. It's not 35,000, three hours
left to go before they start their top of descent.
That's when you'd expect maybe for the pilot to have
his feet not on the peddles or on the floor right in
front of the peddl es. But when they start the top of
descent, the airplane starts comng down, the activity
picks up, the requirenents to fly the airplane are very
apparent and you'd expect the pilot to have his feet in
the location of the rudder peddles.

MR MARX:  Well, if the pilot had his feet on
the floor and you had a runaway rudder, would he know
it?

THE W TNESS: If you have a runaway rudder
you woul d have a four inch displacenent, plus or mnus,
for the rudder peddles. There'd be an eight inch
di fference between the rudder peddl es.

| guess if you have your -- that's a
questi on. If your feet are right there, it woulld hit
your ankles with the rudder peddle.

MR MARX It would cone at hit your ankles?

THE W TNESS: Well, if your foot is within

four inches, was stationed within four inches of the
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rudder peddl es.

CHAl RVAN HALL: M. dark?

MR. CLARK: M. Carriker, have you
participated in any flight tests where an attenpt was
made to duplicate this accident scenario or portions of
it?

THE W TNESS: | participated in a flight test
where we | ooked to get extra data to try to verify our
simul ator nodel as to what woul d happen if you had a

roll rate and then you added a rudder input on top of

t hat .
MR, CLARK: Wuld you describe those tests?
THE WTNESS: W took a 737-300 airplane;
went out -- we actually did it at 35,000 feet. W were
at flaps 1, 190 knots. | rolled the airplane to 7 to 8
degrees per second rate of roll. At 45 degrees left
wing down, | put in a left rudder about as the flight

test data showed |ater, about 6 or 7 degrees of rudder,
and then | let the airplane -- and then saw what the
roll rate was. And passing a 60 degree angle of bank
rolling through 60 degrees angle of bank, | took out

t he rudder peddle and recovered the airplane.
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MR CLARK:  Wien you were putting in the
rudder peddle, what kind of aileron controls were you
putting up?

THE W TNESS: | sti 11 had enough ai Leron to
maintain that roll rate, which is about 30 degrees of
ai l eron.

MR CLARK: So mai ntai ned a constant wheel
position and then put in the rudder, --

THE W TNESS: Yes.

MR, CLARK: -- maintaining the constant wheel
posi tion?

THE W TNESS: Yes.

CHAI RVAN HALL:  When you say put in the
rudder, that's putting your foot on the peddle?

THE W TNESS: Yes.

CHAI RVAN HALL:  And then when you say taking
it out, is that taking your foot off the peddle?

THE W TNESS:  VYes. Putting it in -- yes,
that's correct. Putting it in nmeans | put a rudder
input in and | tried to put it in at a specific rate
and | tried to go to a specific end value and then hold

it there for a time period just so we could get the
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data and see what it |ooked like. And then took it
back out.

| didn't step on the opposite rudder. |
all owed the rudders to go back to neutral and then |
rolled the airplane back to wings |level and then pulled
t he nose up.

CHAI RVAN  HALL: Sorry, John.

MR CLARK: That's all right.

As you were rolling the airplane into this
test, what kind of G rate were you comandi ng?

THE W TNESS: (One.

MR CLARK:  And what kind of speed excursions
did you experience?

THE WTNESS: Once the airplane rol Led, since
| didn't purposely keep the nose up, the airspeed built
up. So during the maneuver, actually retracted the
flaps from 1l to up because there's 230 knot restriction
on the airplane. At no point in time during the flight
test did | exceed any of the airplane flight nmanua
limtations. But we ended up at 230-235 knots.

W also ended up at about 90 degrees |eft

wi ng down and 30 degrees nose | ow.
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MR CLARK: And 30 degrees on the pitch?

THE WTNESS: Yes. W also perforned steady
heading slide slips, and --

MR CLARK: Let me go back for just a second.
How nuch altitude did you |lose in those naneuvers?

THE W TNESS: Since | was limted two G s,
maxi mum of two G s on the recovery and | didn't want
normal roll rates, | lost about 2,500 feet.

MR CLARK: How many of these types of tests
did you perfornf

THE WTNESS: W did one series of them
seven to 10.

MR CLARK:  And you have the FDR data on all
of that?

THE W TNESS: Yes.

CHAI RVAN HALL: Were these tests perforned as
part of the party work or were these tests
i ndependent |y performed by Boeing?

THE WTNESS: The tests were perforned by
Boei ng under an engi neering work authorization to try
to help verify the sinmulator database that we were

using for the Mcab for the performance group to use.
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MR CLARK: kay. You were going to describe
a steady heading side slip?

THE WTNESS: Oh, we also did -- on those
tests, not only did we just look at the roll rates. W
| ooked at steady heading side slips, so we had -- like
| said, there was a 737-300 airplane and we went to
flaps 1 and 190, and again |ooked at steady headi ng
side slips, the ability to stop the roll and the
controllability of airplane, and found out that it
matched fairly well in the sinulator at 190 knots.

It takes about 70 percent of the wheel
authority once you get stabilized and then if you
control the airplane in pitch to slow the airplane
down, at about 170 knots it's a tie where the aileron
and the rudders match. And then at 210 knots or so,
it's about 40 to 50 percent of the wheel to counteract
the full rudder

MR CLARK: Wre any of those tests conducted
in a dynam c manner?

THE W TNESS: No.

MR CLARK:  You answered M. Purvis'

questions on the rudder rate tests that were conducted
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in the simulator, in which I believe you stated that
for all the rudder rates, all of these events were
recover abl e.

| guess ny question is are you aware of any
dynam c type testing that's being done to validate the
simulator in that flight regime out to those extrenes?

CHAI RVAN HALL: John, could one of you al
explain what you nean by a dynamc test?

THE WTNESS: You want ne -- dynamc testing,
when they do the -- the classic stability control says
you'll go out and do a steady heading side slip, as M.
Berven explained. Wen you do a steady headi ng side
slip you're looking for a couple of different factors:
One, you're trying to prove that the airplane has
positive directional stability, i.e., the nose of the
airplane always wants to go into the wind. And it's
linear, so you can test that by stepping on the rudder
peddl e input and that causes a rolling nonment and that
rolling noment is counteracted by the ailerons.

It also causes a side force nonent because
you actually have wi nd bl owi ng against the side of the

fuselage, and that's counteracted by the bank angle.
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So, you can check the linearity. You can
check the values of how the airplane flies by
constantly increasing these paraneters and checking to
make sure that you have to constantly increase the
aileron, the lateral flight control against it, and
that your bank angle constantly increases.

And when you go to the limt of the contro
authority and you can check these lines and they don't
reverse, it doesn't take |ess bank angle at a higher
rudder, that the rudder doesn't have a tendency to go
to an unconmmanded position in these flight tests. And
that's a static stability case.

A dynam c stability case is where you
[iterally just go up and stonp on the rudder peddile.

In that case the inertia ternms of the airplane have a
big effect. Get this nmass of netal noving quickly, it
has a tendency to overshoot its final comuanded
position and then it comes back to that commanded
position. And at the sanme tinme you set up oscillatory
nodes that are present in airplanes such as the Dutch
roll node

So, if I had just stepped on the left rudder
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peddl e hard, the airplane would have a tendency -- it
woul d yaw and then it would roll. Sone of that yaw
angle would actually come back out and then go back in
and cone back out and go back in. And that would be
the Dutch roll node.

In the 737, even with the yaw danper not
installed, that oscillatory node always stops. [t nmay
take quite a few cycles for it to stop, but it always
does danpen out. But it's a nore dynam c test.

One of the nmpbst dynamic tests that you do is
engine failure. You can either have an engine failure
shut down and just slow down and |ook at it, or you can
just be at the speed that you want to test it for and
then just shut it off.

CHAI RVAN HALL: Thank you.

MR CLARK: If we don't have the dynam c data
to validate the simulator, it is possible that the
simul ator nmay be recoverable under these hard rudder
inputs, wherein out in the actual world, the airplane
won't operate?

THE WTNESS: That's a question we don't

know. The sinmulator data we have, as M. Kerrigan
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expl ai ned yesterday, is derived fromflight test data.
W don't have flight test data where you have ful
rudder peddle inputs in a stalled condition. W just
have to use the best wind tunnel data that you have and
nmodel that.

MR CLARK:  You've flown flight tests in
which the airplane is rolling and you put in -- you
rolled to the left and put in left rudder and you
participated in that simulator work and that backdrive
nodel work where you see the visual cues.

In any of your experience in this area have
you seen any visual cues or felt any notion cues that
woul d tend to nmake you put in left rudder peddle as
that situation started to devel op?

THE W TNESS: No.

MR CLARK From your experience in the
simul ati on work and your wake turbul ence encounters,
woul d you expect a 737 to be upset by the wake of a 727
at four mles?

THE W TNESS: In the cases that we had there
wth the clear turbulence and what | know of vortexes

and if you were flying up, you kind of flewup into it,
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yes. I'd expect it to roll the airplane in the 20
degree bank range.

MR, CLARK: And one point | believe -- and
correct me if I"'mwong. You said that in some of the
turbul ence encounters you saw up to 50 degrees bank
angle. And in that, would you describe the wheel
responses or the pilot corrective action? Wre they
del ayed or where they --

THE W TNESS: No. These were -- none
what soever .

MR CLARK: So you were seeing 50 degrees
wi t hout any response from the pilot?

THE WTNESS: That's correct.

MR CLARK: And so that nunmber would be |ess
if a pilot took tinmely action?

THE W TNESS: Yes.

MR CLARK: And in one case | believe it was
answered, but in the case where you have seen data up
to 80 seconds, that was strictly behind the 747 and
whatever, a tinme delay of 60 seconds?

THE W TNESS: Yes.

MR CLARK: That was not --
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THE WTNESS: That was a specific test
| ooki ng for wake. | nean, they purposely flew the
airplane into the event. Ei ghty degrees may be a bit
high. It's a very dranmatic videotape to watch

MR, CLARK:  xay. But in that situation,
that's not consistent with the scenario that we believe
i s going on?

THE W TNESS:. No. [t's a much higher w ng
| owering airplane. It has a |ot higher vortex
capability, a lot closer, and also disperses into the
ground, which the effects breaks it up, does different
t hi ngs.

MR. CLARK: Ckay. Thank you.

| have no further questions.

CHAI RVAN HALL: M. Schl eede?

MR, SCHLEEDE: Yes. Regarding the testinony
about these flight tests where you were matching the
ci rcunstances of flight 427, when was that done, the
time franme?

THE WTNESS: The sinulator studies, or --

MR SCHLEEDE: No. The ones you were doing

in the airplane.
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THE WTNESS: The first part of Cctober.

MR SCHLEEDE: Is that test plan or the rests
of that, is that in our record? 1Is it in the record
for the hearing?

THE W TNESS: | don't know. I'd have to ask
our G oup Chairnman that. | haven't read all the inputs
t hat Boei ng has.

MR SCHLEEDE: Was the data reduced and
plotted from these flights?

THE W TNESS: Yes.

MR, SCHLEEDE: Thank you.

That's all | have.

CHAI RVAN HALL: No questions, M. Laynor?

(No response.)

Just one or two questions, M. Carriker.

John, M. Purvis, you have a comment?

MR PURVIS. My | put another question to
hi n?

MR PURVIS. You're not tinely, but yes, you
may.

PURVI S: Sorry.

=

Carriker, have you flown the 737-300 with
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t he yaw danper at a hardover condition, say the full
three degree authority? And if so, what's your
experience?

THE WTNESS: Yes. You can sinulate a yaw
danper hardover. You don't have to inject the fault.
You can just trimthe airplane -- trimthe rudder to
t hree degrees over, keep the rudder squared away wth
your feet, and then take your feet off. That sinulates
a yaw danper hardover

The airplane oscillates left and right as the
Dutch roll danpens out. Turn the yaw danper off so it
doesn't work, and then put this in. And then the
autopilot handles it within 15 to 20 degrees of bank
and it stops.

It depends on the flight condition. [f you
do it at very high speeds it's nore dranatic. If you
do it at very low speeds it's not very much.

MR PURVIS. Wulld you characterize it as
control | abl e?

THE W TNESS: Ch, yes, by the autopilot. If
you don't do anything, the autopilot wll cancel it

right out.
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MR PURVI S: kay.  Thank you.

CHAl RVAN HALL: M. Carriker and
representatives of Boeing -- gentlenen, if those
results of that test are not presently part of the
record, | would appreciate it if they could be
submtted since they were discussed at this hearing,
and could be made a part of the public record.

M. Carriker, you nentioned that you were one
of the individuals that participated in the simulation
where we used a portion of the cockpit voice recorder
tape in the sinmulator. And were you able to learn
anything else in addition concerning the accident
flight after that sinmulation with the cockpit voice
recorder than before?

THE WTNESS: No. As a group of 16 people
that sat through simulations, we didn't identify any
extra noises. Mself, as being a nenber of the CVR
team | had another chance to listen in and try to
associ ate sone of the noises with what | thought was
going on in the airplane. But no, there was no
identification of any of the thunps that resulted from

this test.
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CHAI RVAN  HALL: So we still don't have a
clear idea or know -- well, we weren't able to identify
sonme of the sounds that are on the tape?

THE WTNESS: No. W had lots of ideas but
everybody had ideas of what it could be but nobody
said, "I knowthat it's this."

CHAI RVAN HALL: My experience in traveling
around is there's a lot of use nowin ternms of trip or
travel i ng purposes, of video caneras in cockpits. Does
Boeing use that routinely with your sinmulators?

THE WTNESS: Not in the sinulators.
Actually, in flight tests we put video caneras in the
cockpit. W do it to record the displays. W still
have digital data taken for flight control positions
for such things as that. But we use video caneras for
all the displays in the cockpit now that we have --

t hrough our | CAST systens where you get nessages
witten up and they don't have any noise or anything
like that. Then we record those kind of things on a
video. W constantly record it on a video canera.

CHAI RVAN  HALL: How costly do you think --

guess you're a unique person in that you are both the
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pilot that's flown it and you also help program the
si nul ator.

THE W TNESS: No. | don't help programthe
si nul ator.

CHAI RMAN HALL:  You don't program the
si mul at or ?

THE W TNESS: No.

CHAI RVAN HALL: How does that -- how do you
get that information then? You nentioned your flight
test and they use that to program the sinulator?

THE WTNESS: The stability and contro
people, they know the coefficients that cause the
airplane -- the coefficient -- the power, how nuch
power the aileron has, how nuch power the rudder has
things like this, and the results of it. So when you
go out and you put in a known input in and then you get
t he known output, they can go back to the sinmulator,
put that same input in and then run it through the
conputer and see that the answer that's kicked out by
the conputer matches the answer that was kicked out on
the flight test.

And if it doesn't, then they go back in and
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make it come up with the sane solution by various

nodi fi cations. Make sure that what the inputs that we
put in the simulator match what flight test said cone
out when we did the exact sane thing in the airplane.

CHAI RVAN  HALL: How much time have you spent
on this accident?

THE W TNESS: Hundr eds of hours.

CHAl RVAN HALL: M. Carriker, -- are there
any other questions for this wtness?

M. dark has one nore question

MR CLARK: | believe there's going to be
sone discussion later on hydraulic systens, but to your
know edge are Boeing pilots or 737 pilots trained to
di sable the hydraulic system in response to flight
control malfunction failures?

THE WTNESS: Yes. Al the tine that you
shut off the flight controls or to turn off the
hydraulic system it's called for in the checklist.

So, | nmean, we don't -- we do in our production checks
but that's for different reasons. But on a normal |ine
flight, any time that you shut off the flight control

system -- and we do have the ability to shut off the
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control systens with a switch in the cockpit

because you've had a failure.

MR CLARK: But

that's a checklist item or

THE W TNESS: That's correct.

by the checkli st

typically in that response

MR CLARK: -- an energency response itenf

THE W TNESS: That's correct.

MR CLARK: Thank you.

CHAl RMAN HALL: M. Carriker

t hank you very

much for your time and you are excused at this point.

sees on his watch is 11:55 and |

CHAl RVAN  HALL:

(Wtness excused.)

The tinme that the Chairmn

woul d assune t hat

woul d be an appropriate tine for this hearing to take a

lunch break and to reconvene at 1:00 p.m sharp.

11:55 a. m)

(Wher eupon, the luncheon recess was taken at
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AFTERNOON  SESSI ON
[ Ti me not ed: 1:00 p.m]

CHAI RVAN HALL: Call our hearing back to
order and ask for M. Harry Dellicker to please cone
f orwar d

He is a Flight Data Recorder Data
Anal ysi s/ Sinmul ation Expert with the Boeing Conmerci al
Airplane Goup out of Seattle, Wshington

(Wtness testinony continues on the next

page. |
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HARRY DELLI CKER, FDR DATA ANALYSI S/ SI MULATI ON EXPERT,
BCEI NG COMVERCI AL Al RPLANE GRQUP, SEATTLE

WASHI NGTON

(Wher eupon

HARRY DELLI CKER
was called as a witness by and on behalf of NTSB, and,
after having been duly sworn, was exam ned and
testified on his oath as foll ows:

CHAl RVAN HALL: M. Dellicker, welcone.

M. Schleede will begin the questioning.

MR SCHLEEDE: Pl ease give us your full name
and business address for the record?

THE W TNESS: It's Harry Dellicker, and I
work with Boeing Conmpany, P.QO Box 3707, Seattle
Washi ngt on.

MR SCHLEEDE: What is your position with
Boei ng?

THE W TNESS: ["'m an engineer in the
Aerodynam cs G oup, Renton Aerodynam cs.

MR SCHLEEDE: Coul d you give us a brief

description of your background and education?
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CHAI RVAN HALL:  We've begun the hearing and
if you have to have conversations, please conduct them
outside. W need to have the room quiet so that those
that want to listen wil 1 have the opportunity to do so.

Thank you.

MR SCHLEEDE: Go ahead.

THE W TNESS: I've been with the conpany for
17 years and | have worked for 12 years devel opi ng
tool s and nethodol ogies for analyzing flight test data.

MR SCHLEEDE: Do you hold any FM ratings or
certificates?

THE W TNESS: No.

MR SCHLEEDE: Thank you. M. Jacky wll
proceed.

MR JACKY:  Thank you.

Good afternoon, M. Dellicker.

Coul d you please describe for us your
participation in the investigation of USAr 427?

THE WTNESS: Certainly. | got involved
shortly after the accident. Because of ny expertise in
dealing with flight test data, it was felt that we

m ght be able to add sone additional information in
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terms of understanding the airplane's notion

Normal ly we work with flight test data and
use these tools to conpare data channel s agai nst one
another to check for accuracy and to basically fill in
m ssi ng pi eces.

MR, JACKY: And what types of tools are you
referring to in your study of flight test data?

THE WTNESS: This is what we would refer to
as a kinematic analysis and the study of kinematics is
a branch of dynamics that deals with aspects of notion
acceleration rate, position of a vehicle body of any
type without regard to force or nmss. So it doesn't
matter what is acting on the body. You can use the
equations of notion to use to relate one aspect of
notion to another.

MR, JACKY: Can you give us a sinple exanple
of what kinematics or the study of kinematics m ght
produce?

THE WTNESS: Yes. A good exanple would be a
vehicle, an autonobile traveling straight down the road
along a straight line. Gven a history recording of

the speed of that vehicle as it's accelerating or
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decelerating, | can tell you how far the vehicle has
traveled in any given period of tine. | can al so
generate for you a history of the acceleration or
decel eration of that vehicle. Again, starting only
with the knowl edge of the speed.

So you can fill in these two m ssing pieces
and then, taking that a step further, assumng that the
vehicle is traveling on a level road, if | know the
mass or weight of the vehicle, | can give you a good
estimate of the force that was acting on it to produce
t he cal cul ated accel erati ons.

And that's a -- | should say that's a sinple
one degree of freedom program  Again, you're just
traveling along a straight |line down the road. In the
case of an aircraft, we have six degrees of freedom
and that's basically velocity along the X axis parallel
to the body, the fuselage, and also a roll about that X
axis where the wings dip to one side or the other.

You al so have velocity along the Y axis which
goes out to the wings. That's the sideways notion and
a pitch about that axis. And then velocity in the

vertical direction along the Z axis and a yaw about
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that axis.

And the equations are nuch nore conpl ex that
relate all of those together than in the one degree of
freedom case, but the basic principle is the sane.

MR JACKY: Earlier, M. Kerrigan testified
as to a backdrive sinulation, a match of the flight
data recorder information from USAir 427. Coul d you
describe for us what the differences are between the
backdrive simulation and the kinematic study which you
per f or med?

THE W TNESS: Sure. Basically, using the
simul ation and doing a backdrive, you're trying to
sol ve simultaneously for two sets of unknowns, both the
unknown aspects of the airplane notion and for the
forces that produce that notion

Now, this is done basically by iteratively
trying to predict forces acting on the airplane. You
run the simulation through this match of the accident
scenario and try to match the known aspects of the
airplane notion that were recorded on the flight data
recorder. And generally this is done with what we call

a math pilot. So the real trial and error, if you
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will, is in developing the control |laws and the gains
in that math pilot that allow the sinulation to match
the airplane notion.

What nmakes it challenging is that the forces
that you're trying to estimate and the unknown aircraft
notion that you're trying to determne out of this are
nmutual |y dependent on one another. One will change the
other. And you can get there with a sinulation
Actually, the simulation is an excellent tool and we
use it all the tine. But in sonme cases it can take
quite a while to get to the desired target.

In the case of the kinematic analysis, we
uncoupl e the problem so to speak. W break it down
into two major parts. In the first case, we're solving
for the aircraft notion, again, wthout regard to the
forces that were acting on it. In this case we're
starting with -- from USAir 427 we have seven notion
vari abl es. W have the three oiler angles, pitch, yaw
or heading and roll, and we have the acceleration along
the X axis of the body in this direction, acceleration
vertically, the airplane speed and the airplane

al titude.
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And using the kinematic equations of notion
we can work with that data and estimate the mgjor
unknowns, those being the angle of attack of the
aircraft, which is the angle between the body axis of
the aircraft and the air. So if he's flying along
downward, we're talking about this angle here. The
other angle being the side slip, which you could think
of as you're driving on an ice road, you go into a
corner and you turn left. The car starts sliding right
and that's positive side sl ope. So it basically kind
of skid into the turn

That process in this case is a special
adaptation of what we normally do in flight tests.
Normally in flight tests we had sone direct indications
of the size of the angle. W have latera
accel eration, acceleration sideways. And in fact, we
normally record a pressure differential across the
nose of the aircraft that we can relate directly to the
si de sl ope.

In this case, the side slope actually becones
the major unknown and really the one variable that we

have to deal with in this analysis. And the process is
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iterative.

W started out assum ng, because we had no
better information, we assumed that the side slip was
zero. And the first time through -- let's put the
chart --

MR JACKY: You're referring to Exhibit 13-G
| believe?

THE WTNESS: Yes. Exhibit 13-G page 17.
It's also Figure A-l. It's about a third of the way
t hrough Exhibit 13.

VO CE:  Wat page nunber?

THE WTNESS: Through page 17.

Thank you.

Now, this is a rather busy plot. \Wat this
shows is the effect of the assuned side slip angle on
our predicted speed and angle of attack. ['m sorry.
Not angle of attack but altitude. Angle of attack is
not shown.

Basically, the analysis proceeds starting
with a zero side slip angle and when we went through
it, it produced speeds and altitudes that were greatly

in disagreement with the flight data recorder. Speed
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at inpact was about 100 knots higher than recorded and
impact in fact occurs about four seconds before it
actual |y happened, according to the FDR

So, went into a process here. | can
iteratively -- basically, make a guess on side slip
using the sinulator as a guide and honing in on the
side slip angle that would give us a good match on
these paraneters, as well as the angle of attack, which
| don't show here. But that match is based on the
predicted stall warning with the final, what |I'm
calling side slip, which is this second curve from the
top, we matched the stall warning onset within about a
half a second. W're matching the speeds all the way
through within about 10 knots follow ng the upset, and
we match the altitude very, very closely here, show ng
i mpact just after 160 seconds.

The real reason for this particular curve or
the plot was to show the sensitivity of these various
paraneters to the side slip, just as an indication of
how powerful these neasurenments were as a guide in
arriving at the estimate that we have.

MR JACKY: And so if | follow you correctly,
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you are nmaking an estimation of the side slip angle of
the aircraft over tine and then using that information
to backdrive the simulator to see if the altitude,
airspeed and angle of attack data match the other FDR
par anmet ers?

THE WTNESS: Wll, we also did that step
taking this information and backdriving the sinmulator
as a second check. But nmy work primarily was
i ndependent in the early stages and we were just
conparing these results directly with the flight data
recorder, what information we had.

Havi ng then defined the airplane notion as
best we could, we proceed into the second stage where
we solve for the forces and nonents acting on the
aircraft using the assuned weight and inertias through
estimates provided by the NTSB.

Actually, let me back up. | intended to show
the match that we arrived at on airspeed and altitude.
Let's go to page 20.

The three curves on this plot, the solid line
represents the raw flight data recorder data, adjusted

going for baronetric pressure, so this is as the pilot
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woul d have seen it on his instrunent.

The short dashed line represents that data
corrected with a nomnal position air correction that
we have, that we've developed from flight tests, which
accounts for the effects of angle of attack and side
sl ope on the airspeed instrumentation.

And the long dashed line represents the fina
kinematic analysis which is a little bit on the |ow
side, but the inpact is at the right point in tine, as
far as we can tell.

The remaining difference between those bottom
two curves is probably due to sone renaining
uncertainty in just what the position air correction
woul d be, because we don't have flight test data all
the way out into that regine of angle attack and side
sl ope. It's an extrapol ation of our data.

And on page 21, this is simlar to the
altitude conparison. The solid line is the raw flight
data recorder information. The short dashed line is
that data corrected with out nomnal position air
corrections and the long dashed line is the

kinematically derived airspeed which is within 10 knots
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-- normally closer.

During the initial phase prior to the upset,
the match is essentially exact. It says within a knot
ever ywhere. Wiich also indicates the |ow nagnitude of
the wi nds, by the way.

MR, JACKY: How far back did you go back in
the data prior to the upset in order to nmatch the data?

THE W TNESS: | started the match all the way
fromtine zero to the full 132 seconds up to the upset
and then fromthere on. The initial part of the data
is used in helping to calibrate the accel eration data.
And then once that's calibrated, you use that through
the remai nder of the upset to define the airplane
mot i on.

That basically conpletes the kinematic part
of the anal ysis. From there we nove into the
coefficient, the force analysis, where we're trying to
estimate the forces and nonents acting on the aircraft.

MR, JACKY: And how would you acconplish
t hat ?

THE WTNESS: That's done as in the earlier

exanpl e of the autonobile. You use the aircraft weight
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and inertia information and then the X, Y and Z
directions. The forces associated with those are
determ ned from the sinple equation: force equals mass
times acceleration. The accelerates we've determ ned.
The mass we have fromdata. The force is a direct
cal cul ation. And simlar calculations for the nonents
whi ch cause the yaw, pitch and roll.

That represents the total forces and nonents
acting on the airplane. At the same tinme, we can
basically predict from the sinulator nodel the total
forces and nonents that we would achieve at those
flight conditions. At each point in tinme the airplane
is at a certain angle of attack. The side slope, we're
assumng failed controls because we don't have that
dat a. So we add up basically all the parts of the
simul ati on nodel that we know and that gives us a total
for the sinulator nodel.

VW then take the difference between that set
of forces and nonments versus what we calculated for the
airplane and that represents a set of force and nonent
increments that we need to add to the sinulation to

make it match the estimated aircraft notion.
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W can then relate those increnmental forces
and nonments to things such as -- well, I'll back up
Those represent the conbined effects of all the unknown
external forces acting on the aircraft; things such as
forces due to deflected controls, forces due to the
wake encounter, unknown w nds al oft, possible
structural damage, if there were any. And it also
reflects any errors that may stil 1l remain in the
estimate of the aircraft notion.

A kinematic analysis is certainly not
perfect, but it's very close.

MR JACKY: So in other words, you have the
anmount of force difference that you have no way to
account for and need to account for? |Is that a correct
way of saying that?

THE W TNESS: ['m sorry. Repeat that?

MR JACKY: Well, you say you end up with an
i ncrenmental anmount of forces, | would assune, in each
axis that you now would in some way need to account
for?

THE W TNESS: Ri ght. Yes

MR JACKY: And how woul d you go about doing
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t hat ?

THE WTNESS: Wy don't we start by going
back to page 6. Let's start out by showi ng the actua
raw aerodynam c coefficient data that was derived from
the analysis. And what we have here on the first curve
is actually the side slip angle and the second curve
down is the total unknown yaw ng nonment, the conbined
effects of the wake, possible rudder and anything el se
that may have been happening to the airplane that
produce the yaw ng nonent.

And the bottom curve is the rolling nonment
with simlar explanation, again, due to wake activity,
wheel possibly.

MR JACKY: So this is the amunt of nonent
coefficient that you're left over wth?

THE WTNESS: That's right. After we've
accounted for the side slip and everything that we
know, this is what's left over. So this represents,
again, the effects of the wake and controls and
anything else that's not known.

MR, JACKY: And then the side slip angle at

the top of the page would represent your best guess of
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what the estinmated side slip would be?

THE WTNESS: Yes. That is right. And it
showed on that little plot, if you change that side
slip very nuch you get sone serious disagreenents
between this analysis and the recorded data. Every 25
percent change in side slop produces about a 25 knot
error in airspeed and about a 400 foot error in
al titude. So we believe this is fairly close.

The next step would be to take these data and
convert those to equivalent control positions or trim
out yawing nmonent with rudder and rolling nonment with
wheel. And this is done in such a way that when we put
in the rudder to conpensate for the yaw ng noment, that
rudder also produces a roll and other coefficients
which are fed back into the analysis. And then that
woul d affect the wheel to trim

Li kewi se, when you put in wheel to trimin
the rolling noment, that affects the rudder.

If you ook at page 8, this is basically the
sanme as the previous plot except, as | say, we've
converted the yawing nmonent to equival ent rudder and

rolling nonent to wheel. And in addition, we've shown
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the predicted bl omdown angle for the rudder for
conpari son purposes.

In this case, we show a fairly close
correlation in the levels between the predicted rudder
and the blowdown angle up to the point where the
airplane rolled over. Beyond that point, this would
suggest that nore rudder is required than what can be
produced when you get beyond the bl owdown angle.

The rolling monent in this case has been
converted, as | say, into wheel. And it's trinmed
t hroughout the entire tine history, which neans it's
done as if it had actually been flown this way. So at
the point where it rolls over, it would assunme that the
pilot put in wheel to do that, which is probably not
realistic.

If you go to page 11, the difference in this
plot is that we assuned that from 145 seconds on, the
wheel was nmaintained at its maxi num positive effective
position of plus 85 degrees.

MR JACKY: Which direction would that wheel
i nput be?

THE W TNESS: Pardon nme?
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MR, JACKY: Wiich direction is positive
wheel ?

THE WTNESS: That's right wing down, so
countering the roll. So it assumes that the wheel is
maintained in that direction. And the difference in
the yawi ng nmonent that that produces in the |ateral
control is then reflected into the rudder. As you can
see, it brings down the predicted effective rudder
equi val ent rudder, to be fairly close to the predicted
bl owdown.

Wiat is still mssing in this analysis and
sonmething that we need to do as a follow up is to
determ ne what is happening here in terms of both the
rolling noment and yaw ng noment. If in fact the wheel
that | showed, the effective wheel that | show here
represents the wheel as it actually was input, then
there's a substantial negative rolling nonent that's
now unaccounted for, the rolling nonent that actually
rolled the airplane over in spite of having in positive
wheel .

And corresponding to that woul d be very

likely a fairly strong yawing nonent, if this is due to
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sonme sort of stall condition of the wing which has
occurred because of the increasing angle of attack. It
goes through stickshaker at the point where the
airplane rolls over and by ny analysis it continues up
into about the 24-25 degree angle of attack range. In
that region, we may be getting sone type of asymmetric
wing stall and we have not predicted the yaw ng nonment
associated with that.

MR JACKY: Do you have angle of attack
pl otted here now?

THE W TNESS:  VYes. If we go to -- probably
page 2. I don't have that page. Ch, yes, | do. Hol d
on.

(Pause.)

Sorry. Page 5. Yes. Thank you.

Angle of attack is the second curve from the
top. Just below that is the indication of stall
warning, which -- that's nmy predicted stall warning
which is going off at 144.5 seconds. And as | say, the
wing angle of attack continues on up into the --
oscillates between about 20 and 26 degrees.

MR JACKY: You nentioned stickshaker. Have
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you tried correlating the nmonment of stickshaker onset
by your analysis to the timng that was shown on the
CVR?

THE WTNESS: According to the current
analysis of the CVR this stickshaker is sounding
roughly a half a second before it did on the tape. If
| take the difference in tine between when the engines
started to spool up -- to accelerate, and the
sti ckshaker sounded, if | apply that to the FDR data,
because we have the N1, engine RVP in the FDR data,
then that would place the stickshaker event much cl oser
to what | have here, wthin about two-tenths of a
second.

In fact, the original tinme given by the NISB
was 144.7 seconds for the stickshaker and that's pretty
close, just based on that increnmental approach

MR, JACKY: If I could refer you back to page
Nunber 6 of Exhibit 13-G

THE W TNESS: kay.

MR, JACKY: In |l ooking at the cal cul ated
yawi ng nonent coefficient increment, do you know of any

control surface or any other part of the airplane that
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m ght give you that type of yaw ng nonent?

THE WTNESS: At this point, no. W have
done sone testing in the wnd tunnel, as you' re aware,
of the nodeling slat damage of the nunber 1 slat.
Actually, | have not |ooked at the results of that. I
don't believe that it produces that much, but I'm not
certain of that.

W're talking a very substantial yaw ng
monent .

MR JACKY: So unless there is sone sort of
failure node identified on the airplane, the best fit
of that increment would be served by a rudder input?

THE WTNESS: That's how we've chosen to show
it. It certainly |ooks consistent with that. W do
need to look further. W have not closed out the issue
of the slat and I think that still has to be open to
consi derati on.

MR JACKY: Now, if | can turn your attention
to page 11 of your --

CHAI RVAN HALL: Let me just clarify if |
could for ny own understanding here. This one yaw ng

nmonent, you don't feel like you still have the answer

CAPI TAL HILL REPORTING | NC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

410

for? You're still going to continue to do research and
additions for it?

THE W TNESS: | intend to continue |ooking at
this. There's -- especially in the initial onset of
this upset, there is the question of the wake and we
are working on trying to inprove our nodeling of that
to determ ne how nmuch of the roll and yaw ng nonent may
be due to the wake and see what's left over that can be
attributed to the controls or whatever else was
i nvol ved.

CHAI RVAN HALL: How | ong has it taken you up
to this point? Wen did you start this work?

THE W TNESS: | started this Septenber 23rd.
|'ve put probably between 600-700 hours into this so
far.

CHAI RVAN HALL: Thank you.

['m sorry, Tom Go ahead.

MR, JACKY:  Thank you, M. Chairman.

The equival ent rudder angle that we show on
the chart on page nunber 11, to ne the line shows a
certain amount of -- excuse me -- a jaggedness, or it

doesn't seemto be a snooth line. Wuld you expect it
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to be snoot her?

THE WTNESS: We're talking about the
equi val ent rudder now?

MR JACKY: The equivalent rudder. Yes.

THE WTNESS: Yes. Most of that noise is
related to the -- nost likely the sanple rate of the
data, which in general is quite low  The maxi mum
sanple rate that we have available is the verti cal
acceleration and that was a sanple. The second ot her
paraneters which nore directly affect this, such as
heading angle, are only one sanple a second. And that
tends to produce a lot of artificial noise in the data.

| could have filtered that out. | chose to
leave it in here for the time being, just show it as it
is. But that's sonething we could work on.

MR JACKY: And just for conparison sake,
when you're working with flight test data, what sort of
sanpling rates are you looking at to deal with there?

THE WTNESS: Typically, we work with 20
sanpl es a second or nore. Twenty is generally
considered the mnimum although there are sone

paraneters where you can get by with less, but that's
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our nornal.

MR JACKY: And if | can refer you to the
equi val ent rudder angle again, at approximately tine
1:35 there seens to be a spike iin the rudder position
to about 10 degrees and then it comes back down.

THE W TNESS: Ri ght.

MR JACKY: Do you have any feel for what nay
be causing that?

THE WTNESS: Qur best guess right now, and
it's still a guess, is that that's wake induced. There
is a spike in the rolling nonent, the yaw ng nonment,
lift, drag, and even a little bit in the pitch that all
occur right at that point in tine. And that is, like |
say, it's nost likely related to the wake.

If this were actually a rudder event
produci ng that spike I would not expect to see the
related notion in the other data channels. You
woul dn't get a big spike in lift and drag and what have
you, because those are all accounted for pretty well in
t he sinul ator nodel

So if you put the rudder in, we would conpute

the lift and drag associated with that and you
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shouldn't see this show ng up. So it's nost likely a
wake phenonena.

MR JACKY: So if I could perhaps sumari ze
what your conclusions of the kinematic study is that by
estimating the side slip angle shown at the top of the
chart, you then end up with the equivalent rudder and
wheel angles or positions that are shown on the bottom
of the chart?

THE WTNESS: Yes. That's right. And those
angles, both the rudder and the wheel, are fairly
strong functions of that side slip angle. And if
sonething were to change the estimate of side slip,
that would result in changes also in the rudder and
wheel .

MR, JACKY: And how confident are you in this
dat a?

THE W TNESS: I'"m pretty confident based on
the overall match against the FDR data. Li ke | say,
we're matching the airspeed and the altitude and
stickshaker onset point. W also know that the
stickshaker, according to the CVR analysis, the

sti ckshaker remmined active fromthe tine that it
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tripped all the way to inmpact. And that's pretty well
borne out by this analysis. At the very end mne goes
intermttent, but that's like the last three-tenths of
a second.

So up to that point, everything |ooks pretty
good.

MR, JACKY: And as your work progresses from
this poiint, what type of things would help you in
further refining this dataset?

THE WTNESS: Wll, certainly |ateral
acceleration wuld be very helpful if we had an
adequate sanple rate. That would give us a nuch
greater degree of confidence in our calculation of Beta
-- the side slip angle. ['m sorry.

Beyond that, of course, it would be real nice
to have rudder angle and renove a | ot of guesswork.

MR, JACKY: That leads me into ny next
questi on. If there were certain paranmeters or
sonmething that could be recorded on the flight data
recorder that would help you in your efforts, what type
of things mght you wish to see or would help you

directly with this effort?
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THE WTNESS: Wll, in addition to the
| ateral acceleration, -- and preferably I'd like to
have everything in a little bit higher sanple rate --
to really answer questions like this | think you' d need
to have surface positions, pilot control positions.
Ideally, even the forces, peddle forces, wheel forces
and what have you, so that you could really nail down
whether it was pilot input or otherw se.

MR JACKY: And if there were sone sort of
video recording in the cockpit, is there any sort -- or
can you imagine any sort of information comng from
that that mght help you in this effort?

THE W TNESS: If the canera were properly
pl aced so you could really see what was going on, yes,
['msure it would have added information in this case.
For the kinds of analyses that | do, |I'd nmuch rather
have the digital data on the FDR and if | had all of
those items instrunented and recorded.

MR JACKY: So if anything, it mght give you
sone verification as to wheel position say, or --

THE W TNESS: Yes.

CHAI RVAN HALL: And just in layman's terns,
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there are things that you could put in this sinulator,
paranmeters, that if you had that information off the
flight data recorder, it would help you in your work?
In other words, that sinmulator and your calcul ations
you could have used additional information?

THE WTNESS: As | already nentioned, if we
had the |ateral acceleration, for instance, | could
calculate the side slip angle with a much higher degree
of confidence and although that still wouldn't tell us
what produced the related yawi ng nonments and rolling
nonents, at |east we would be quite confident in our
| evel s of those.

| feel fromthe overall match that we have a
good estimate, but it's still an estimate.

MR JACKY: Thank you, M. Dellicker. | have
no further questions.

CHAI RVAN HALL: Could I see the hands of any
of the parties that have questions for this wtness?

| see Boeing. Anyone else?

If not, Boeing G oup.

MR MGREW M. Dellicker, just a couple of

questi ons.
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How woul d you relate the quality and the
accuracy of this analysis versus those reconstructions
that Boeing has carried out in past years?

THE W TNESS: | believe that this is nuch
hi gher quality, largely owing to the higher quality
data available from the airplane and the additiona
data. This is | think the first tine we've had this
many paraneters available. Wll, maybe not the first
time. The first time |'ve been involved, anyway, and
we've had this many paraneters available to us.

In other accidents where we're dealing with
the directional gyros and such, once you get upset past
a certain pitch angle and roll angle, you can't rely on
the heading angle from those instrunents, and that
woul d make this analysis very difficult.

MR MGREW  One other question. In the
event that a video recording were available from the
cockpit, would not the instruments or the readings of
the instrunents as the event progressed be of great
benefit?

THE W TNESS: ["'mtrying to think what

additional information would be available there that we

CAPI TAL HILL REPORTING |NC,
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don't have recorded. Certainly what's going on wth
the pilot controls, if anything, would be very
beneficial. W have airspeed, altitude, all those
recorded on the FDR

MR. McGREW  Thank you.

| have no further questions, M. Chairnan.

CHAIl RVAN HALL: Al right.

Any other parties have any questions?

(No response.)

[f not, M. Marx.

MR, MARX: | just have a quick questions.

I'"'m getting very confused about the degree of
rudder change that occurs and the speed of its change.
In the |last exanple where you were tal king about -- and
this would be Exhibit 13-G page nunber 8. And you
tal k about equivalent rudder angle. As it goes from
its first spike of the rudder input and after that,
that happens at the end of the spike is somewhere
around 130 -- what | calcul ated, about 136-1/2 seconds.

And then as you go towards at about 139
seconds, you have it reaching a blowdown angle. That's

roughly 2 to 2-1/2 seconds, and yet it's going about in

CAPI TAL HILL REPORTING, |NC.
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t he nei ghborhood of 15 degrees. Is that correct? So
it's about 7 to 7-1/2 degrees per second?

THE W TNESS: Ah, --

MR MGEW O am|l just confused or | have
the wong math there?

THE W TNESS: | think that's -- well, let's
see.

(Pause.)

Yes. It could be that high. W had
previously estimated up to 6. Another thing | should
nmention here is that the side slip angle at the top of
that page is actually a little bit -- maybe a little
too idealized. There is in fact some Dutch roll notion
that I know was taking place between 135 and about 141
seconds.

And the effect of that, if | were to go back
into this analysis and account for that, would be to
soften that slope with the rudder a little bit. In
other words, right at about 136 seconds, the equival ent
rudder would go up and at 139 it would go dowmn a little
bit so it would tend it round it off. And | haven't

had a chance to go back and rerun the analysis with
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t hat .

MR MARX: Vell, the information we have from
M. Kerrigan, | guess it was that testified, and |
think it was 5 or 6 degrees. Then we had testinony of
2-112 degrees. Does anybody know for sure what it is?
Between 2-1/2 and 8 degrees, maybe nore? Does anybody
know?

THE WTNESS: Actually 1I'm not certain where
the 2-1/2 degree per second nunber canme from M
anal ysis has been fairly consistent with this |evel.

MR MARX: A mght higher rate is what you're
tal ki ng about ?

THE W TNESS: H gher, yes, but certainly not
hi gh. | mean, it's nowhere near the rudder capability.

MR MARX | under st and.

No further questions.

CHAl RVAN HALL: M. dark?

MR, CLARK: ["I'l be referring back to Exhibit
13-G page 8, but first if we could look at 13-G page
18. And if we don't get the viewgraph, don't spend a
lot of tine. It's a graph called Low Order of Side

Slip that shows a side slip rate of about 3 degrees per
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second.

Is that type of a side slip rate consistent
with this rudder angle rate of 5 degree per second or 3
degree per second?

THE W TNESS:  VYes. | believe it's quite
close. W still need to go back and basically try to
bring this analysis together with the simulation
anal ysi s.

In this analysis, the side slip is actually -
- as | say, a variable that | determined to produce a
good match in altitude and airspeed. To really
val i date whether or not that side slip is realistic, we
need to bring this match together with the simulator
and get to the point where they're both saying exactly
the sane thing.

| believe that it is very close and based on
the side slip angles that the sinmulator is getting at
and | ooking at what's happening to the heading angl e,
still slight errors in the heading angle on those
matches. And if you account for that, it would tend to
bring the side slip up close to what | have here.

So, yes, | think it is realistic.

CAPI TAL HILL REPORTING, [|NC.
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CHAl RVAN HALL: M. Dellicker, if | could at
this point just ask you and the gentlemen at the Boeing
table -- and first, let me thank you, obviously, for
the tinme that you have put into this work so far. But
there has been several references during this hearing
to additional work that you all w Il be conducting that
obviously is going to be an inportant part of this
i nvestigation.

Do we have any -- can you give us any
estimate of time frame on how much | onger you think
sonme of these projects that you would like to see done
m ght be conpl et ed?

THE W TNESS: | believe we're commtting to a
coupl e of nonths, which may be sporting. We'll
certainly do our best.

CHAI RVAN HALL: Thank you.

Excuse ne, M. d ark.

MR CLARK I'd like to nove back to 13-G
Exhibit 7. These are the coefficients that have been
backed out of the match of the data that you' ve
conpl et ed?

THE WTNESS: That's right.

CAPI TAL HILL REPORTING | NC
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MR CLARK: Do you see any signatures in this
data that would be consistent with a thrust reverser
depl oynent ?

THE WTNESS: No, | don't. And | did sone
estimates on that and the anmount of differential thrust
between the left and right engine associated with a
reverser deploynent that would be required to generate
the yawi ng nmonents that we're seeing here would be on
the order of 20,000 pounds difference between the two
engines. And that would result in a drag coefficient
here that would show up as about plus 1600 drag counts,
which would be |-1/2 centinmeters positive on this
figure. And during the initial upset, the drag tends
to be in the negative direction.

MR CLARK: Do you have the laser pen wth
t he pointer?

THE W TNESS: | don't know if | do or not.

MR CLARK: I f sonmebody could -- you do?

Wul d you be able to show us on the chart up
there the [-1/2 centinmeters you were tal ki ng about ?

And basically, if you nove the pencil tip

over to where the noise starts on the drag plot.
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THE WTNESS: On the drag plot about 132
seconds right above the drag.

MR CLARK:  About right in there. And if you
nove the pen up --

THE WTNESS: Up to |-1/2 centineters?

MR CLARK:  There we go. If we had a thrust
reverse basically, you would expect to see your plot
show a signature up in that range rather than what we
have?

THE WTNESS: Right. And that would be
basi cal |y sustained throughout the rest of the
condition, consistent with this sustained yaw ng
monent .

MR CLARK: As long as the thrust reverser
were deployed, if that were the case?

THE W TNESS: Ri ght.

MR CLARK: And would you -- what would be
your expectations for the lift coefficient?

THE W TNESS: | really can't say for sure on
t hat . ['m not sure what the lift interaction would be.
['m not certain.

MR CLARK:  Ckay. And on the pitching nonent?

CAPI TAL HILL REPORTING | NC
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THE W TNESS: [''m not certain on that either
because of the wing interactions and the tail and such.
['"'mnot certain which way it would go.

MR CLARK:  Conversely or in addition, we've
heard theories about various slat deploynments and ny
understanding is that we would have to have a 20,000
pound force at the engine pylon area to generate the
yawi ng nonments that you saw.

What kind of forces would we need for a slat
to create that kind of yaw ng nonent?

THE W TNESS: It would be probably on the
order of two-thirds of that.

MR CLARK Basically, you're scaling the
di stance the distance out to the slat to produce the
yawi ng nonent ?

THE W TNESS: Ri ght.

MR CLARK: And then what would you expect to
see on the drag plot if we had a slat producing that
kind of drag force to create that yaw ng nonent?

THE WTNESS: Wll, that would scale, too, so
it would be --

MR CLARK:  Just directly scal abl e?

CAPI TAL HILL REPORTING | NC
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THE WTNESS: Yes. Approximately. Assum ng
that it is, yes. Basically, there would have to be a
drag force generating that, so yes.

MR CLARK:  The first cut or the first
estimate woul d be two-thirds of the |-1/2 centineters?

THE WTNESS: Just -- yes. A very rough
estimate, a half to two-thirds of that.

MR CLARK: And | assune -- or let nme ask
you. Do you see any evidence of that in your
cal cul ations or your data?

THE W TNESS: I haven't seen anything that
would lead me to believe that it is a slat, but | would
hate to rule it out.

MR CLARK: No. I"m not asking you to rule
it out. At this point, you don't have an argunent to
make to nme that you see that kind of signature?

THE W TNESS: No.

MR CLARK: On Exhibit 13-G page 8, there is
a spi ke at about 136 seconds on the equival ent rudder
angle and | believe you' ve stated earlier that that in
your estimation could be a result of a vortex

encounter.

CAPI TAL HILL REPORTING | NC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

411

THE W TNESS: Yes.

MR, CLARK: Based on the sanpling rate that
we have, it is possible that that spike could be
significantly larger than what you've cal cul ated here?

THE W TNESS: | don't believe so. The rate
of change of heading angle is not all that large. In
fact, | did a study in that little narrow region of
data where | went in and | interpol ated between the
exi sting datapoints with different curve fits with no
si gni ficant change.

I managed to drop that peak by about one
degr ee. It was up around 12-1/2 degrees and | dropped
it down a little bit just by very careful conparing of
the data between the points. Beyond that, | couldn't
justify any further change in that data.

MR CLARK: In that regard, if -- | believe
what you're saying if at that point we had no rudder
novenent that that spike could be generated possibly by
the flow field and you're going to continue your work
exploring that?

THE W TNESS: Yes.

MR, CLARK: For that type of spike, that
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indicates that there are side forces either on the
rudder or the horizontal tail. Could the forces that
are on that tail producing that spike create -- have
the potential to create structural damage either to the
vertical tail or the rudder?

THE W TNESS: I don't see anything in there
that would cause nme that concern. And we're only

tal ki ng about 10 degrees equival ent rudder here. The

vertical tail is designed to handle nmuch nore than
t hat . I"'mnot a structure person, but --
MR CLARK: | under st and.

If we could bring up Exhibit 10-D, page 3,
I'd like to ask sone questions about that.

If we could adjust that slightly so we could
have list Ain view, and then we'll nove to list B.

My understanding is that you have very
extensive experience in handling flight test data.

THE W TNESS: Yes.

MR CLARK:  And you've tal ked earlier about
sanple rates of at least 20 hertz or 20 datapoints per
second.

THE WTNESS:  Yes.

CAPI TAL HILL REPORTING | NC
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MR. CLARK:  Typically on Boeing flight tests,
how many paraneters do you record or do you capture?

THE WTNESS: A grand total, we record
literally thousands on the airplane. However, we -- |
normal ly work with on the order of between 50 and 70,
in that area. Significant notion paraneters, airplane
control deflection paranmeters and so on.

MR, CLARK: The list that |1've provided to
you contains nunerous paraneters that have been
recorded on other flight data recorders. And
specifically, the ones that have the checkmarks were
recorded on the ATR airplane that recently crashed in
Rosel awn.

would you -- you were describing contro
paraneters, notion paraneters that nmay be recorded.
Wul d you quickly go down through that |ist and
describe to those -- which ones that would seem
appropriate or pertinent that you could use in an
acci dent investigation?

Let me back up. You tal ked about what you
use in flight test. Now you' ve conpleted at |east one

investigation, and | mssed earlier, have you
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participated in other investigations, accident
i nvesti gations?

THE W TNESS:. No. This is ny first accident
i nvesti gation.

MR. CLARK: kay. Then based on your
experience here, if you went down that list, could you
define to us the paraneters that you would like to see
be available in sone future accident investigation?

THE WTNESS: Wll, certainly everything that
is checked. And, of course, as | said before, it would
be very useful to have the actual control surface
measur enent s.

MR CLARK:  Thank you. | have no further
questi ons.

The only coment | would make is that for
information, the airplane we're dealing with in this
accident had the recorded paraneters on the |eft-hand
side of the colum, including the six paraneter [ist
and the 11 paraneter list. And then also for
information, the Colorado Springs airplane had the six
paraneters |ist type recorder

But | have no further questions. Thank you.

CAPI TAL HILL REPORTING, |NC.
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CHAI RVAN HALL: And ATR had all of the itens
t hat are checked?

THE WTNESS: Yes. That's correct.

MR CLARK:  They had additional paraneters
but for the list that we had, they had at |east those.

CHAl RVAN HALL: M. Schl eede?

MR SCHLEEDE: Have you validated these
various calculations and the data that you' ve produced
here today by conparing it with the flight test
airplane that recorded flight control positions and
| ateral acceleration?

THE W TNESS: Yes. Actually, | did a --
basically a two step validation. W validated it
against simulator day to begin with to check it all
out, and that was based on a sinmulator match of this
condition. And we recorded, as part of that match, all
of the notion paraneters that we're concerned with
including the size of angle that it produced and angle
of attack, and went through, extracted from that
dataset just the seven paraneters that we had avail able
from 427 and went through this analysis and conpared

the results against what the sinulator had produced for
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the other notion data and that checked out well.

And | have run through sone anal ysis work,
validation work, with actual flight test data. There's
another condition that we ordered up to do a final
validation and I haven't had time to go back and go
t hrough that condition. But |I'm satisfied, based on
the work that |'ve done, that the nethodol ogy is sound.

MR SCHLEEDE: So there is flight test data
available for you to conpare this analysis with to see
how cl ose it matches?

THE WTNESS: Yes. W have a lot of flight
test data in our database. W don't have any
conditions simlar to this, but conditions nonethel ess
that would allow us to validate the method.

MR SCHLEEDE: It may be evident from your
earlier testimony, but would any of this work have been
necessary if we had rudder position, aileron position
and | ateral acceleration recorded on Flight 427?

THE W TNESS: | think that regardl ess of how
many paraneters we'd have, we'd probably always go
through this analysis just to check the data for

validity. But of course, having those extra paraneters
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would elimnate a |lot of questions.

MR SCHLEEDE: kay. And the last thing
Did you do any simlar analysis of the United 737
acci dent at Col orado Springs?

THE W TNESS: No. I was not involved in that
at all. This is nmy first investigation

MR, SCHLEEDE: Are you aware of any simlar
cal cul ations and analysis that have been done on the
data from that accident, a kinematic type analysis?

THE W TNESS: | believe that all of the work
done on that, what little I know of it, was done
basically with just the simulator and trying to match
the data as the standard procedure has been in the
past.

I think this is the first time that | know of
that we've gone through this kind of exhaustive
ki nematic analysis of the data.

MR SCHLEEDE: So to your know edge, there's
not been any conparison of the Colorado Springs data to
your analysis that you' ve described today?

THE WTNESS: That's right.

MR, SCHLEEDE: Thank you, sir.

CAPI TAL HILL REPORTING |NC,
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M. Laynor?

MR. LAYNOR  No questions.

CHAI RVAN HALL:

Del l'icker, thank you for your

Ki nenmatic study. | felt that was well

hel pful .

And again, let nme comment
have acconplished in assisting --

spent on this assisting the Performance Goup in their

work. My only,

comment is that

what you do and |

-- | have no questions.

Vell, let nme first, M.

only wish and | wll

expl anation of a

done and very

on the work you

and the tine you

My only

you certainly seem extrenely able in

hope that we

418

have nmore information and nore paraneters for you to be

able to work wi

th.

In this accident we obviously don't. |

certainly hope that that's an area the Board is going

to pronmptly | ook at.

You' re excused.

THE WTNESS: Th

CHAl RVAN HALL

James Kerrigan.

Thank you very nuch

ank you.

(Wtness excused.)

If we would please call M.

He is being recall ed.
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that's a negative connotation in this situation, M.
Kerri gan.

M. Kerrigan is being recalled to testify.
He has previously been sworn. He is, as you nay
remenber, a principal engineer in the Boeing 737
Aerodynam cs, Stability and Control Goup wth Boeing
Conpany in Seattle, Wshington.

(Wtness testinony continues on the next

page. |

CAPI TAL HILL REPORTING |NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

420
JAMES KERRI GAN, PRI NCI PAL ENG NEER- 737 AERCDYNAM CS,
STABI LITY AND CONTRCOL, BOEING COMMERCI AL Al RPLANE

GROUP, SEATTLE, WASHI NGTON

(Wher eupon
JAMES KERRI GAN,

was recalled as a witness on behalf of the NTSB, and,
havi ng been previously duly sworn, continued his
exam nation and testinmony as follows:)

CHAI RVAN HALL: M. Jacky, | believe the
witness is yours.

MR JACKY: Wl conme back, M. Kerrigan.

THE W TNESS: Thank you.

MR, JACKY: First of all, I was wondering
were you present for M. Dellicker's testinony?

THE WTNESS: Yes, | was.

MR JACKY: Do you have any comments or
conparisons of the data that was involved in the
ki nematic study versus the data that was extracted
using the backdrive of the simulation?

THE WTNESS: Yes. W have conpared the two

met hods. I'"ve forgotten what the exhibit nunber is. |

CAPI TAL HILL REPORTING |NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

421
believe that's Exhibit 13-N, page 1.

What this shows is a conparison of the side
slip angle that M. Dellicker determned from his
ki nematic solution and the side slip angle that was
determned from the sinmulator exercise, and also the
equi val ent wheel position and the equival ent rudder
posi tion.

The top of the chart is the side slip angle.
And you can see, there is a bit of a difference between
the two. And also, if you look at -- | don't have a
pl ot of angle of attack, but angle of attack also
showed sone difference between the sinulator and the
ki nemati c sol ution.

As you can see, though, the basic dataset for
the two nethods is quite conparable. The equival ent
wheel position mrrors one another very well during the
early portions of the upset. During the latter
portions where the side slips are deviated quite a bit,
there's a fair anount of difference.

Again, the equivalent rudder angle that's
shown, that also shows pretty fair agreenment. The

kinematic, again, shows a little nmore rudder than does
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the simulator, and that's consistent with the increase
in the higher side slip angle that's being shown in the
ki nemati c sol ution.

W're currently iin the process -- | should
point out that these two exercises were done totally
i ndependently in the beginning. It becane a good way
to check both one against the other to nake sure that
we were going to get a consistent answer. And up to
this point when this data was plotted, the tw nethods
basi cal |y have been independent.

Wiat we're currently doing on the simulator
is introducing the side slip angle and the angle of
attack from M. Dellicker's kinematic solution. And we
can also on the sinulator, with that new infornation,
force the simulator to cone close to matching those
paraneters.

W're in the early stages of that, but the
results to date | ook very favorable. And these two
solutions, | think, wll close onto a common sol ution
in the end.

MR JACKY:  Thank you.

Now if | could refer your attention to

CAPI TAL HILL REPORTING | NC
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Exhibit 13-B, page 4, this is the list of the sinulator
failures or malfunction scenarios attenpted. And |
know that earlier this norning M. Berven and M.

Carri ker spoke to the results of these tests. But
wanted to ask you first of all, did you participate in
t hese scenarios?

THE W TNESS: Yes, to sone extent. My group
was responsible for the sinulation that was used in
this exercise. And, of course, the Performance G oup
of which I was a part was also instrumental in setting
up these exercises.

| did not participate frominside the cab
One of the other gentlenmen in ny group was in the
cockpit. However, | was present during those
di scussions of the results.

MR JACKY: And for reference sake, that is
the Mcab sinulator?

THE W TNESS: Right. This was all conducted
in the Mcab sinmulation of the 737-300.

MR JACKY:  Ckay. | believe earlier this
norning it's nmy understanding that M. Berven and M.

Carriker both estimated or thought that perhaps out of
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all the sinmulators or the itens |ooked here, the best
estimate or the best match of what early upset, as
indicated by the FDR trace, nmay have been Item 2(b) and
(c), basically the rudder hardover rate sonmewhere
between 2.5 degrees and 5 degrees per second.

Are you famliar enough with the data in
order to make some sort of characterization as to that
same characterization?

THE WTNESS: Well, | think in terns of the
yaw rates that were being set up by that kind of an
input fromthe rudder, along with the pilot's reaction
in terms of wheel, that that yaw rate was pretty
simlar to what was seen in the flight data recorder
fromUSA r 427. However, the oscillatory beginning of
that flight data recorder | don't think was really
indicated by any of the tests that were done during
this sinulator exercise.

MR JACKY: So in other words, none of these
were able to match the FDR data exactly?

THE W TNESS:. No. Not hi ng here was very
close to that initial roll back and forth. Generally,

I think when you put the rudder in at a constant rate,
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what tends to happen is you get a fairly rapid change
in heading angle, but the roll oscillation generally
speaking isn't as pronounced.

MR JACKY: kay. Now if | can refer your
attention to Exhibit Nunber 10-B, which is Ancillary
Fl'ight Data Recorder Study. What this study basically
is is a conparison of different plots or different FDR
data from USAir 427 as conpared to other incidents and
acci dents concerning 737 aircraft.

Wiat | would like to do is go through each
one of these incidences and to | ook at a couple of the
data plots and to get your testinony or
characterization of are there any sort of simlarities
or are the data not simlar at all in these instances.

The first one that | would like to concern is
the United Airlines 585 accident which happened on
March 3rd of 1991. And there are several plots. |
believe nine different plots of data. And starting
with page nunber 13 of Exhibit 13-B -- or, I'msorry --
10-B

CHAl RVAN HALL:  \What page? 137

MR, JACKY: | believe it's 13. The data may
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also be in Exhibit 10-E -- 10-E, page 1

CHAI RVAN HALL: It's page 13, Exhibit 10-B;
correct?

MR JACKY: Yes. But what we've done is
taken the pertinent plots and placed them into Exhibit
10-E al so.

CHAI RVAN HALL: Ckay.

MR JACKY: Ckay. Have you or are you
famliar at all with the FDR data fromthis accident?

THE W TNESS:  VYes. I worked on that accident
after it occurred.

MR JACKY: kay. And in the course of your
investigation of 585 and also with 427, have you had an
opportunity to conmpare the two sets of data?

THE WTNESS: Yes. W have | ooked at the two
accidents. And, of course, there are some simlarities
in terns of what we saw occur on the airplane

They did roll in different directions. The
585 airplane rolled to the right whereas this one
rolled left. And, of course, the 585 airplane was only
about 1,000 feet above the ground at the tinme of the

occurrence.
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One of the things that is quite different
between the two airplane accidents is the weather. In
the case of USAir 427, the weather was quite calm prior
to the upset. In the case of UAL 585, the weather was
quite bad in the area. They spotted wakes or nountain
rotors, as they're called. O herwi se sonetimes called
hori zontal tornadoes that occur in that area, in the
area of the nountains. And the weather on that day was
basically referred to as a weather event, not uncommon
in that area

As | recall, they figured they had probably
five days like that a year when the weather was

extremely violent.

VW have -- well, we haven't found the
conparison plots yet, | guess.

(Pause.)

MR JACKY: | guess we can work on wthout

it, but --
THE W TNESS: Ckay.
MR JACKY: O unless -- well --
CHAI RVAN HALL: What's the difficulty? Can't

find the slide?
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MR JACKY:  Yes.

CHAI RVAN HALL:  Well, why don't we proceed
and sonebody go over there and assist and proceed
ahead.

MR JACKY: | apol ogi ze.

THE WTNESS: Yes. Sone of the plots that
are shown in the exhibit for the case of UAL 585 were
not available on the flight data recorder, as M. dark
pointed out in the last witness' testinony. The flight
data recorder on the UAL 585 was only referred to as a
si x channel and that basically neans from our
standpoi nt there are four channels of usable data.

They include the |load factor, the heading, airspeed and
al titude. The other two channels are tine and radio
transm ssions, | believe.

The plots that are included in the exhibit
include roll angle, pitch angle, and also pitch and
roll rates, which were derived from an NITSB match of
that data. That's very -- 1 think to a |arge extent
specul ati on.

W al so have done a simlar nmatch at Boeing

and come up with fairly different pitch and rol
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dataset is that the directional gyro that's used to
determ ne the heading on that airplane is an old type
of gyro or an old type of system for determning

headi ng.

And once the pitch and roll departs
significantly from level flight, there can be sone very
significant errors in that heading, so it becones very
unuseful after say 50 degrees of bank and nmaybe 10
degrees of nose down pitch. The heading can have an
error of 20 degrees and it gets very nuch worse as you
go further in bank. So it's difficult to use that
t hr oughout the naneuver.

As to whether there are simlar causes to
that accident, we really don't know. And the match
that we put together which hits all the radar points
avail abl e during that maneuver and also puts the
airplane at the inpact site, there was no rudder
involved in our match. The rudder was held within the
yaw danper's capability.

It becones very difficult with only four

paraneters to really accurately determ ne what happens
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to that airplane. However, as | nentioned, the weather
that day was very bad, extrenme, and with indications of
nmountain rotors in that area. And the winds that we
calculated in our match of that data are very much
within the winds that were present on that day.

And Boeing believes that the weather in that
case was the probable cause. And | think that was part
of what was cited in the NISB final report.

MR JACKY: You nentioned that it was your
belief that the weather was very bad or very turbul ent,
if I could add that word. In terms of the data, how
woul d that be or where would that be nost exhibited?

THE WTNESS: Wll, in terms of the data,
mainly lLoad factor, the normal acceleration on the
airplane, | don't know if it really shows enough -- ah,
we have your chart.

If we go down to chart 18 in that set, it
shows the normal |oad factor and if you -- the upset on
that airplane, as you look at the time, the time there
is fromUSA r 427. But if you ook at the tine from
125 to 150, it shows sone rather violent |oad factor

spi kes. Not violent but very -- they are the sane
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order of magnitude in ternms of up and down notion as
USAir had laid in the flight, and yet that was the
at nosphere that he was flying in.

The upset on Col orado Springs, | believe
didn't start until -- on this scale, nmaybe 150.

Let me look at roll rate. Yes. Sonewhere
between 145 and 150 is where the actual upset to that
ai rpl ane occurred. So you can see prior to that
there's extreme |oad factor. It would have been a very
unconfortable flight to have been riding on.

CHAI RVAN HALL:  Now, M. Jacky, could we get
t he page nunber on the record, please?

MR JACKY: | believe there's a difference in
the plots. The one that M. Kerrigan is referring to
is | believe Exhibit 10-B, page nunber 18. However, it
appears as if the plot that's shown in Exhibit 10-E
page 6 is -- the time has been skewed a little bit.

CHAI RVAN HALL:  Well, let's get this
confusion resolved here and at this time take a break
for 10 mnutes until a quarter 'til, and then let's
have it back in order

(Whereupon, a recess was taken.)
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CHAIRVAN HALL:  The hearing will be back in
sessi on. I"'mtold we're ready to proceed.

Is that correct, M. Jacky?

MR JACKY:  Yes.

CHAI RVAN HALL:  Appreci ate everyone's
patience. Pl ease proceed.

MR JACKY: M apol ogi es.

Rat her than attenpt to go through all the
charts of all these instances, | would rather like to
ask you if you're famliar with the listings or with
t he datasets of these incidents and accidents.

THE W TNESS: Yes.

CHAI RVAN  HALL: One nonent.

Again, | ask if you're going to have

432

conversations, please take them outside of the ballroom

so that those in here we can have the attention and
everyone will have the opportunity to listen.

Go ahead. ['m sorry.

THE WTNESS: Yes. W have | ooked at the
majority of them There are a few that we have barely
t ouched upon, but the majority of incidents and

acci dents we have exam ned at Boei ng.
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MR JACKY: In the listing of these
accidents, as best you can recall, are you aware of any
simlarities between the datasets off of these flight
data recorders and the data traces from USAir 427?

THE WTNESS: W've already tal ked about the
Col orado Springs accident. I think of all the other
accidents, the data that's listed there, none of them
are particularly simlar to this accident in character

The incidents that are there include it |ooks
i ke yaw danper type hardovers which are easily
controlled by the pilot and don't appear to have been
any hazard to the airplane in particular

MR JACKY: Wen you nentioned the yaw danper
incidents, to which of the datasets are you referring
to?

THE WTNESS: There's one that occurred at
San Pedro Sula in Honduras, a Continental airplane.
That one in particular was |ooked at pretty hard at
Boeing. W put together a sinulation of it and the
initial event appears to have been a yaw danper
har dover which resulted in only a 9 degree bank angl e,

which was quickly corrected by the pilot.
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W don't understand everything about that
event . The yaw danper failure that caused that should
have di sappeared. The rudder should have returned to
center and the rest of the flight should have been
nor mal .

Pilot reports indicate that he continued to
have to hold sone wheel, and we don't necessarily
understand that. W have actually conducted one flight
test at Boeing to evaluate that circunstance. And
unfortunately, the configuration of the autopil ot
wasn't quite the sane, so we intend to conduct another
test shortly to look at this particular incident and
see if we can recreate what happened to this pilot.

W don't believe, however, that what happened
here woul d have any bearing on this USAir 427 accident.

MR JACKY: Are you aware of any other
accidents or incident flight data recorder information
that m ght be conparable to USAir 42772

THE W TNESS: Vell, inthe list of itens
you've given, there is a 737 -- | believe it was a 500
that got into a wake upset in Denver. And those places

basically show sone simlarities to what we see in the
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USAi r 427. Qobviously it was not a loss of an aircraft
or even a serious upset in that case. The airspeed
trace shows to be very simlar in terns of the airspeed
spi ke that occurs as he enters the wake and al so
there's a load factor bunmp that's not dissimlar from

what we see in the USAir accident.

And when we -- we have not analyzed this one
at Boeing as yet. W do have the data avail able and
we'll be pursuing that in the near future. It does

show a fairly significant roll upset to about 20
degrees bank. And while that's not by any means a
safety of flight issue, at any time the airplane is
banked over and uncommanded and it rolls to any angle
it's an area that we're concerned about. We'd like to
under stand what's happeni ng.

In this case |I think this wake may allow us
to run through like the kinematic solution and perhaps
we can deternmine if the wake that this guy ran into is
simlar in magnitude to the wake of USAIr 427.

So | think there may be sone positive
information that will come out of that.

CHAI RVAN HALL:  Could we get M. Laynor's
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m crophone on, please?

MR LAYNOR  Just for the record, while you
don't have to refer to the charts in this exhibit in
detail, could you identify the flights and the pages,
perhaps, that the data you're discussing appear on?

I think the first one that you discussed was
Continental N17344 and perhaps you can identify the
last. That was the Honduras.

THE WTNESS: Yes. That was the Honduras.

MR LAYNOR  And perhaps you can identify the
one that you're discussing when you're discussing the
wake encounter by the identification as it appears in
the exhibit.

MR JACKY: [f | can answer that, the wake
encounter that he's referring to is in Exhibit 10-B,
starting with page 22.

MR LAYNOR  Thank you.

THE WTNESS: Ckay. As | said, that is a
condition that we wll be |ooking at at Boeing and
hopefully be able to get sone wake information out of
it.

| think that that's sonmething that we wll be
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doing at Boeing. The magnitude of the wake vortex can
very probably be determ ned from wake encounters that
occur in -- as long as they have sufficient parameters
on the flight data recorders and if the recorder is
pulled and sent to us within the 24-hour flight hours
after the occurrence, it's possible that we can get
sonme reasonable data out of that encounter.

Preferably, we need it from both the trailing
and generating aircraft, which is not always easy to
do.

W al so, of course, require the weight and
speed and configuration of both the trailing and
generating airplanes. And success in actually deriving
sonme useful information fromthat is also going to
depend on the weather at the tine. An incident |ike
Col orado Springs where it was a serious upset, the
weather is such that it's very difficult to deal with
the accident from a kinematic standpoint.

Wiat we really need is light steady w nds, no
gusts to speak of, in order to really ful Ly realize
t hat data.

And one other thing in that regard. W have
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considered, and | think continue to consider actually
going out and flying a 737 behind a 727. W would hope
that that would be a Performance G oup or NTSB-NASA- FAA
and industry representative study that we could conduct
and perhaps gain sone useful information.

Unfortunately, Boeing doesn't, believe it or
not, doesn't own any airplanes, 727's or 737's, SO
we're going to have to borrow or | ease an airplane from
an operator or, in the case of the -- the FM |
believe, has a '27, so we'll be hopefully working that.

MR JACKY:  Thank you.

Earlier this nmorning, M. Berven and M.

Carri ker gave sone testinony regarding yaw danper
effects and pilots' actions. And there have been sone
other testinony to that. Are you aware or would you
expect to see any sort of yaw danper activity in a wake
vortex encounter, especially if we saw sone sort of
headi ng change or yaw ng nonent?

THE WTNESS: Wll, in any wake encounter
what we expect is the bank angle is going to wobble a
l[ittle bit and there may or may not be infringenment of

the wake on the vertical tail of the airplane.
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In either event, there's going to be sone
changes in heading, sone heading rate that will be set
up. And the yaw danper reacts to heading rate. That's
what makes it work.

So you would expect that the yaw danper woul d
be active. How much of a control input it would make
is going to depend on how violent the rate, the yaw
rate is on the airplane.

CGenerally, | wouldn't expect that it would be
going to its full authority but it's possible in an
extreme wake that it mght.

MR JACKY:  Thank you. Now I'd like to refer
you to Exhibit 10-D, please, if |I may, and specifically
page 3. And we asked M. Dellicker this question and I
woul d like to ask you the same question, if it's
avai | abl e.

What paraneters that are shown in these two
lists would be helpful to you in ternms of your
i nvestigation? Mst specifically, during the
backdri ve.

THE W TNESS: Vell, as M. Dellicker said, we

certainly could have benefitted in this investigation
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with any of the control inputs that woul d have been
avail able and | ateral acceleration. Qur preferences as
an engineer would be to get as many paraneters as we
possi bly can, of course.

W certainly would like to have both the
control input in the cockpit and the resulting contro
surface novenent, such as columm and el evator, wheel
and aileron and spoilers, rudder peddles and rudder
posi tion. It also, of course, would be very useful to
have the forces involved; rudder peddle, colum forces,
wheel forces.

Lateral acceleration, obviously, wuld add a
ot of information to our -- as far as latera
directional upsets would be concerned.

MR JACKY: \What would be or is there a
benefit in having both a conmanded position and the
actual aircraft position? For exanple, say contro
wheel and ail eron position.

THE WTNESS: Wll, in case of the aileron,
the lateral control system there's obviously a |ot of
different conponents to that. If one of themfails or

isn't working for sonme reason, the wheel won't tell you
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that if that's the only paraneter you've got.

On the other hand, if you have all the
control surfaces, you may be able to get by wthout
wheel. W don't know of any failure that woul d cause
the aileron and the wheel to not be in perfect
agr eenent .

In the case of the rudders, however, you have
rudder peddl e and you have rudder position. The yaw
danper is in series in this airplane. The peddles
don't nove and the yaw danper puts an input into the
rudder. So unl ess you have both of those paraneters,
you really can't be sure what the yaw danper is doing.

So in that case, we would very much like to
have bot h.

MR JACKY:  Thank you.

Are you generally famliar with the Boeing
727 rudder systenf

THE WTNESS:  Yes. I've worked on the 727
for quite a nunber of years as a lead engineer in
Stability and Control, so |I'mfam Liar with that
ai rpl ane.

MR JACKY: Can you briefly describe the
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general differences between the 737 and 727 rudder
package?

THE W TNESS: Wll, in general ternms, the 727
has a split rudder, an upper and a |ower rudder. The
PCU that drives the two | think you need to talk to
some of the systens people about, but ny understanding
isit's not a dual valve servo. It's a single valve
servo on both the upper and |ower rudder.

The hydraulic pressure to the rudder on the
727 is nuch |lower than on the 737. The upper rudder
has an 800 psi maxinmum all the tinme. The |ower rudder
is 2450 psi on the |ower rudder for flaps down
operation. And when the flaps are put up, the pressure

is reduced to 800 psi.

The other simlarities, | guess, are it's a
cable driven system very simlar. From the cockpit on
back to the tail it's quite simlar.

MR JACKY: Wsat woul d happen to the airplane
if a 727 rudder PCU nmoved hardover?

THE WTNESS: Wll, froma systens
standpoi nt, again, you need to talk to the systens

peopl e. | believe that if one PCU was driven hardover
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the other one would still be available to counter that
i nput . However, even if both rudders went hardover on
that airplane or driven to the blowdown limt, because
of the reduced pressure available to the rudder, the
amount of lateral control to control it is quite small.
It takes about 25 degrees of wheel to keep the w ngs
level with a rudder hardover in that airplane. And
that's about 15 percent of the available Llateral
control.

MR, JACKY: Have you personally been invol ved
in the investigation of any upset occurrences in other
Boeing aircraft?

THE WTNESS: Yes, | have been involved in
quite a nunber of accident investigations. As |
mentioned yesterday, including the 727 TWA event, [|'ve
been involved in a nunmber of w ndshear accidents that
have occurred on the 727 and sone -- and also at |east
one 707 accident that I can recall

(Pause.)

MR, JACKY: | have no further questions.

CHAI RVAN HALL: Any questions from the

parties?
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Yes, Captain, with the Airline Pilot's
Associ ati on.

CAPTAI N LeGRON  Thank you, M Chairman.

Good afternoon, M. Kerrigan. Just a couple
of quick questions.

First of all, you testified earlier that in
the USAir 427 accident the airplane rolled and upset to
the left. You also stated that the Col orado Springs
United Airlines 585 airplane rolled and upset to the
right. I's that correct?

THE W TNESS: Correct.

CAPTAIN LeGRON Is it not true that both
USAir 427 and United Airlines 585 both rolled and upset

in the direction in which they were turning at the

tine?

THE W TNESS: Let ne -- if | could check the
record. | don't renenber off hand. | believe the --
yes. | believe that's right. That's correct. [t was

a 20 degree bank.
CAPTAI N LeGROWN  Thank you.
Also, you stated earlier that the Col orado

Springs 585 United accident, the Safety Board believed
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that the accident was weather related. I's that
correct?

THE WTNESS: They had | believe cited that
as a possi bl e cause.

CAPTAI N LeGRON  To ny know edge, and maybe |
mssed it, but did the Safety Board find a probable
cause for United 585?

THE W TNESS: | don't know that they found --
they positively identified a probable cause. | said a
possi bl e cause, which is a bit different in their
t er m nol ogy.

CAPTAI N LeGROW  Ckay. Thank you. | have no
further questions.

CHAI RVAN HALL: Ot her questions from the
parties?

Boei ng.

MR. McGREW  Yes, M. Kerrigan. Two
questi ons.

Wul d you comment, please, on the sanple rate
and your views of what data recorder sanple rates m ght
be doing to our analysis?

THE WTNESS: (kay. Yes. As M. Dellicker
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mentioned, the sanple rates, particularly for the kind
of analysis that he is conducting for the kinematics,
is quite inportant and an increased sanple rate would
benefit that kind of an analysis very nuch.

From a sinulator standpoint, there's also
benefit. It would be extrenely beneficial, | would
think, to have things such as heading at nuch nore than
a one sanple per second rate.

MR MGREW  Thank you very nuch.

CHAI RVAN HALL:  Any ot her questions?

M. Marx?

MR HAUETER Excuse me, M. Chairman.
There's a question in the back.

CHAI RVAN HALL: Ckay. Yes.

M. Wirzel ? Wir zel . ['msorry. Yes. Wth
the International Association of Machinists. Pl ease --

MR WJURZEL: One question, M. Kerrigan. A
few questions here.

To your know edge, is it not true that UAL
Fl'ight 585 had reported uncomranded rudder novenents
during previous flights?

THE WTNESS: M understanding is that there
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had been some pilot conplaints about that airplane and
that sone steps had been taken to try to correct that
in the rudder -- the yaw danper control system

MR WJURZEL: And also, the weather in
Col orado Springs, | believe you stated, was kind of
questionabl e that day, but the weather report shows it
was VFR with 32-35 mles an hour gusts. Li ghter
aircraft than the one that had crashed had | anded
before that.

Do you know anything about that?

THE WTNESS: That's very possible. The
onset of what was called the nmountain rotor is
sonmething that's very localized. The size of a
nmountain rotor can vary anywhere from probably airplane
size, 100-200-300 feet across, to up to perhaps a
couple of thousand feet across. And airplanes could be
| anding safely if they didn't encounter such a -- the
rotor, and still have an airplane that gets into the
core of the rotor and has control difficulties.

MR WURZEL: In that area, do you know of any
other aircraft that had ever encountered any of those

| arge type rotors?
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THE W TNESS: | don't know that there had
been any specifically in Colorado Springs. Peopl e t hat
fly in that area, as | understand it, frequently do
encounter nountain rotors, generally on that side of
the Rocky Mouuntains there's, | believe, encounters.

I can't specify one for you right now but
t here have been other encounters.

MR WJURZEL: That concludes ny questions.
Thank you.

CHAI RVAN HALL:  Thank you.

M. Mrx, you have no questions?

M. dark?

M. Schl eede?

M. Laynor?

The Chairman's only question, | believe we're
going to have some individuals from Boeing that are
going to be testifying much later in regard to the
reporting system-- no, no. On incidents that occur in
regard to the stability and control of the Boeing 737.

Is that information routinely provided to
you, sir, and what is your role in that, as things are

reported, that may occur with the nunber of planes that
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are out there operating?

THE WTNESS: Wll, that's one of the prinmary
jobs of ny group. W deal with customer inquiries of
al'l ki nds. If an event like that is reported by an
airline, it cones in through Boeing Custoner Service or
Fl'ight Operations and sonebody along the |line nmakes a
judgnent as to whether we need to be invol ved.

W don't automatically see every telex that
comes in. O course, there's several thousand of those
| believe a day. It'"s a large nunber that arrives,
nost of which don't involve stability and control

But if it does involve the stability and
control of the airplane, it should be passed on to us
and I"'msure the majority of them are

CHAI RVAN HALL:  And just one nore
observati on. On the flight data recorder where you
nmentioned a nunber of things you would like to have, |
assune that the state of technology is that those
things are presently available if an airplane is
properly equipped with a flight data recorder and the
electrical ability to get that data off?

THE WTNESS: Wll, certainly the new
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avai |l abl e.

or

nost of it, recorded already,

On the older a
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are being produced have all of that

and it is

ircraft it becones a concern

because sonme of the paraneters that we

have t hat

would like to

| would like to have recorded are not

necessarily readily available. So it

t hat

it readily avail able,

to see,

al

aircraft

aircraft out there, large jet

isn't clearcut

transports, have

the information we'd |ike.

And sone of the paraneters that | would Iike

such as pilot forces, | don't know any of the

currently being produced include

instrumentation currently that has that

i nfornmati on avail abl e. |

t hat

think the te

has t hat

chnol ogy to add

to the airplanes is probably there if we're

willing to pay the cost.

appreci ate your

don't

tinme,

CHAI RVAN HALL:

Ckay. VeIl

M. Kerrigan, we

appearing once and appearing tw ce. |

know whet her we'll have you back for a third

but

at this point you re excused.

THE WTNESS:

CHAI RVAN HALL:

ay.
Thank you.
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CHAI RVAN HALL:  The next witness is M.
Bernus Turner. He also is with the Boeing Comercia
Airplane Goup out of Seattle, Washington. He is the
Boeing 737 Flight Controls Engineer.

(Wtness testinony continues on the next

page. |
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BERNUS TURNER, B-737 FLI GHT CONTROLS ENG NEER, BCEI NG

COMMVERCI AL Al RPLANE GROUP, SEATTLE, WASHI NGTON

(Wher eupon,
BERNUS TURNER,

was called as a witness by and on behalf of the NISB,
and, after having been duly sworn, was exam ned and
testified on his oath as follows:)

MR. SCHLEEDE: M. Turner, please give us
your full name and business address for the record.

THE W TNESS: Ful | name is Bernus Gene
Turner. Address is Box 3707, Seattle, Washington
98124, | believe it is.

MR SCHLEEDE: And you work for Boeing?

THE W TNESS: | do work for Boeing. Have
al mrost for 34 years.

MR SCHLEEDE: In what position?

THE W TNESS: I"'mcurrently the technical
manager of mechanical systenms for the new generation of

737.

MR SCHLEEDE: Gve us a brief description of

your background and experience that qualifies you for
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your current position.

THE W TNESS: In 1961 | graduated fromthe
University of California, nechanical engineering. Cane
to work directly for Boeing on the 727 project. \Went
over to the 737 project as a |ead engineer in 1964 or
' 65. Left there in "69. Wrked on a variety of other
Boei ng ai rpl anes.

In 1986 | had been nade a part of managenent
and | cane back into the 737-757 project at that tine
as a hydraulic supervisor. Stayed in Sustaining.

Moved up to unit chief in that sane project and a year
and a half ago went to the new generation 737 project.

MR SCHLEEDE: Thank you. M. Phillips wll
pr oceed.

MR PHI LLI PS: Good afternoon, M. Turner.

In your experience, your 34 years wth
Boei ng, you've been involved with flight contro
systens and hydraulic systens design for the extent of
your career. And | also note that you hold sone
patents. Do any of those patents apply to any of the
flight control systems on the aircraft that we're

| ooki ng at today?
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THE W TNESS: No. I think | have six active
patents. None of them happen to be on this particular
ai rpl ane, though.

MR PHLLIPS: Al right. And over the years
of your design experience, how |long of that has been --
have you been involved with the 737 program in general ?

THE W TNESS: First assigned to the 737. |
was the second hydraulics engineer assigned to the
program in 1964-65, sonething |ike that. Left it in
"69 as the lead engineer for flight controls working
power control packages. And like | said before, | cane
back to the programin 1986 as a nanager and have been
associated with the 737 in one capacity or another ever
si nce.

MR PHI LLI PS: In the course of your duties
at Boeing, have you been involved in any of the
accident investigations involving 737 aircraft?

THE W TNESS:  VYes. I was active in the
Col orado Springs 585 at the tine. This particular
program or accident 1've not been directly associated
wthit. Sone time ago, | was asked to cone in and

take a | ook at what the systens fol ks were doing,
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offering expertise, any background, any experience,
anything I mght be able to add to the program

MR PHLLIPS: Wth M. Chairman's
i ndulgence, we've nade several attenpts today and in
the last couple of days to talk about the flight
control systens. Pilots have describe it and Stability
and Control people have described it. And what we'd
like to do is ask a systens person to take a stab at
expl ai ning some of the functions of flight contro
syst ens.

M. Turner is prepared to go through the
systems with the general description and we'll stop and
get nore specific in the areas we're interested in. So
if you could start us off, | think we're referring to
Exhibit 9-S this tine.

CHAIRVAN HALL: Are we going to show a nunber
of slides again as we go?

MR PH LLI PS: Yes.

CHAI RVAN HALL: Well, let's see if we can't
do somet hing about the lights so everybody can seek.

Thank you, sir.

MR. PHI LLI PS: Wat |1'd like to start with is

CAPI TAL HILL REPORTING | NC,
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just a general description of all the flight control
systenms and as we get into the systens, a little nore
specific about the rudder control system

THE WTNESS: The airplane is very
conventionally laid out. Ailerons and spoilers on the
wi ngs which we've seen in this chart before. That' s
used for lateral control. The pitch control is
basically an elevator, a pair of elevators on each side
of the airplane with a novable stabilizer for trim

A single rudder for directional control which
i ncorporates both the main rudder throw and the yaw
danper control.

CHAI RVAN HALL: Pitch is up and down?

THE W TNESS: Pitch is up and down. Yaw is
si deways. Lateral is roll.

Fundarmentally, if we look at the next chart
what one can see there is the airplane is basically a
hydraulically fully powered control airplane with a
manual backup. Wsat that really says, that we have
primary flight controls on two hydraulic systens. If
the two hydraulic systens are inoperative, there's the

cable system That is, the airplane can in fact drive

CAPI TAL HILL REPORTING |NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

the surfaces directly through pilot effort.

If you'll look at the elevators, there's a
set of control colums, one for each pilot, in the
front of the airplane. Two sets of cables go back to
the tail of the airplane. The cables run pretty nuch
right underneath the floor and the floor beans.

In the tail of the airplane we have two
single system hydraulic packages bused together on a
single bus torque tube. The output of those two
packages go through a set of push rods out and drive
the elevators.

It isn't clear to se here but the input
cranks that are connected to the cables, notion cones
in and that commands the package to go up or down. If
t he package is inoperative because of no hydraulic
system pressure, then there's sonme manual stops about

two degrees, 2-1/2 degrees -- sonething like that --

457

backl ash, and that |ink would bottom out. That enabl es

the pilot to drive the surface directly through pil ot
effort.
Needl ess to say, the forces to operate the

surfaces directly wi thout any pilot boost are sonewhat
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hi gher, considerably higher than the power to just nove
the controls directly.

The next chart is the stabilizer contro
system the other half of the pitch control system and
there's a jack screw at the tail of the airplane that
pivots the whole stabilizer. That's an electric system
where there is trimswitches on the control colums,
and through the trim switches you have an el ectrical
signal that goes back to this jack screw driven by an
electric motor, and that can position the stabilizer
directly to the pilot's trim comands.

W have a cable system and a crank, so to
speak, in the front of the cockpit, a stabilizer trim
wheel. And by turning those trim wheels you can
manual |y position the stabilizer as a backup

So between the elevators and the stabilizers
you nmanage the pitch control of the aircraft.

The lateral systemgets to be a little nore
conplex. As M. Rusho described earlier, you start
wth the two control columms, the wheels, and a set of
cables that drive down into the wheel well. Signal s

off of these cables go down and drive the main power
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control packages. They happen to be identical packages
to the elevator, single systemdriving on a single bus
torque tube.

The signals go into the packages. The
packages respond in the appropriate direction, drive
the cable system that actually drive the aileron. The
other set of cables go over to a spoiler system and
through the spoiler nixer box, they drive spoilers to
augnent the ailerons.

There is an override protection device. If
for some reason or another the ailerons becone jans,
one can, through the co-pilot's wheel, rotate, go
t hrough and override mechani sm on the bottom of the co-
pilot's colum there and drive the spoilers
directly. So there's jam protection in there.

The rudder peddle is the one system that does
not have a manual backup. Here we have a third
hydraul i c system and anot her hydraulic power control
package.

At the front of the airplane is two sets of
rudder peddles. This particular chart shows one.

There's a set for each pilot and co-pilot.

CAPI TAL HILL REPORTING | NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

460

The rudder peddles thenselves drive a |inkage
train, goes back and drives quadrants. The quadrants
are bused together fromright-hand to |eft-hand side of
the aircraft. They run a single cable system The
single cable system goes back to the tail of the
airplane with a field and centering unit.

And let's see. Probably in the next chart
there's a little bigger scale on the field and
centering. There's a field and centering unit there in
the tail of the airplane, and what that really is is
it's a camand spring. And when the pilot noves the
rudder peddl es he actually noves that cam and spring
and that gives himan artificial feel he's pushing
agai nst sonet hi ng.

And so when you push on them you can -- you
know, just by -- I think its about a 12 pound, 12-15
pound brake up to about 150 pounds, you get tactile
f eedback off of your field system And then that same
control quadrant is attached to a torque tube. The
torque tube transmits signals to the main rudder power
control package as well as simultaneously transmtting

signals to the standby actuator.
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So fundamental ly, you mash on the rudder
peddl| e. That noves the cables. The cables nove the
field and centering unit; noves the linkage train that
tells the main power control package where to go and it
posi tions that way.

In the event that the main rudder power
control package, which is a dual hydraulic system dua
load path unit, is operative, two hydraulic system
fails, then the third hydraulic systemis actuated and
that power is slowed to the standby actuator, which is
the single system single |oad path system

So fundamental ly, nost of the tinme when you
use standby package is if you happen to be on a nanua
reversion, then you have the rudder to augnent your
el evator and | ateral manual system

The next chart gives sonebody an idea of the
conplexity in the dual |oad path dual system hydraulic
power control package. Rather than try to get into the
details of how this thing works, | think it would
suffice to say that through an input |inkage you get a
signal that conmes in through an interior set of

i nkages and drives the main control valve, which
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happens to be a dual concentric tandem devi ce. [t's a
valve within a valve and there's two hydraulic systens,
so it's a tandem val ve.

We'll get into -- 1 think Paul Cine has got
sone videos |later on that may help explain how this
conplicated |inkage works.

Incorporated in there is a yaw danper
act uator. That's a piston that's driven by what we
call a transfer valve. The transfer valve takes
el ectrical signals, converts themto hydraulic signals,
goes down and noves this yaw danper piston. The yaw
danper piston noves. It drive the linkage train and
via the feedback |inkage, the rudder noves in direct
proportion and only as far as this yaw danper piston
can nove.

So if it doesn't nove, the rudder doesn't
move. If it noves the equivalent of three degrees,
which is on this airplane, that's how far the rudder
can nove.

I ncorporated in the power control package, as
well as the main power piston, is a series of bypass

valves. And incorporated in this bypass valve is an
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orifice. And the function of that orifice is to bypass
fluid fromone side of the piston to the other

W found when we fired up our fight control
tests quite sone nunber of years ago, the system was
unstable and had a limt cycle. It would sit there and
shake back and forth, and so we had some changing of
gains within the servo systemto do. And one of the
things we did to add stability to the system was put
this bypass orifice in there.

And so any tinme you have a small conmand to
the package, the first thing that happens, fluid flows
through the orifice and then as you put |arge comands,
you swanp out the orifice and the rudder package
actually noves.

Al 'so incorporated in there is a couple of
filters -- and we'll probably talk about filtration a
little later -- to filter any incomng fluid that cones
into the package. There's also an interconnect check
valve and that interconnect check valve keeps fluid
from ever flow ng backwards through the package. And
we'll probably talk about that a little bit nore.

Wiy don't we skip on to chart Nunber 9.
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Greg, |'mjust following the outline here, so
just junp in if you need to.

MR PHLLIPS: That's fine. W'Il back right
back up where we need to ask sone questions.

THE WTNESS:  Ckay. Page nunber 9 is the
standby hydraulic power control package and it has a
doubl e bypass, if you want to call it that. The main
control valve has a dead band in it, so that any tine
the command signals is within one degree of the
position of where the rudder actually is, the valve
just has a bypass that bypasses both sides of the
pi ston to each other.

It also has a bypass valve in it that's
pressure operated. And what that double bypass is for
is the airplane is certified to be good for any single
failure and so since we have two bypasses here, this
prevents having a hydraulic lock so that the main power
control package would be forced to not nove if this
thing mal functioned. And so we have bypassed the main
control valve and then a bypass val ve. So we al ways
have freedom of notion for the main rudder power

control package.
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So this thing is really just a manua
control . It happens to be what we call a noving body
package. The body itself is nounted to the rudder and
when you put an input in fromthe pilot's rudder
peddl e, the input crank noves, and then the body noves
to reestablish the non-relationship of the crank to the
body, and that gives you what we call an integral
f eedback and positions the rudder directly proportiona
to what's comuanded by the pilot.

Now, | indicated that this was a single |oad
path versus a dual |load path to the main package. And
we have to be good for any single failure. \Wat that
says -- next chart, please. Wat that says is that if
that control linkage fails to nove, if there's a
binding, if a bearing is bound up, if the main servo
valve has got a chip init, no matter what soneone may
be able to postulate, if that crank can't nove the
airplane still has to perform satisfactorily.

Very early on we put a shear-out in. That
circled area there is where we had a shear out, and the
idea was that if you did in fact have a valve jam and

stopped this thing from noving, if you pushed on the
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rudder peddle you could cut the shear-out off and
regain control of the main rudder power control
package.

Wiat we found when we started testing this
device in the iron bird in probably 1967 or '68,
somewhere thereabouts, is that part |abeled torque tube
isinreality a spring. It has enough spring rate to
it that when you fix the input rod on the standby
package, when the rudder conmmands canme in fromthe
cable system at the bottom of that torque tube, the
torque tube would wind up or twi st and give you direct
connection to the main rudder control package.

And it turns out that there was enough tw st
in that torque tube that you just noved the rudder with
respect to normal conmmands, even though there was a jam
in the input rod of the standby package. And the thing
woul d drive to the Iimt of stop and we couldn't
actually cut the shear out, so the shear-out was taken
out.

So, the shear-out was taken out. I think we
only had 20 sone airplanes that way and probably all of

t hem have been retrofitted.
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So what we have there is a built in
conpliance, the springiness in that tube. Al you'd
have to do is put your feet on the rudder peddles
and/or the feet on the centering unit to provide enough
force to wind up that torque tube and position the
rudder in whatever position one would want to put it.

MR PHILLI PS: | believe we were referring to
-- you were describing page 10, which we evidently
don't have a viewfoil for. Have you got that?

THE W TNESS: kay.

MR PHILLI PS: I think we were discussing 10
W th the shear-out mechani sm

THE WTNESS: Right. It looks very simlar
to your other one. It just has the location of the
shear-out that was in there originally.

MR PHLLIPS: Are there any novel or unusua
features in the design of the 737 directional contro
syst enf?

THE W TNESS: In think you're probably
referring to the dual concentric servo valve, which has
gotten a lot of discussion.

Alittle bit of history. During the design
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of the 727 we were |ooking at various nethodol ogies to
take care of a phenonenon known as valve jam [f you
drop a chip or sone such device, a large particle
contam nant into a servo valve and the valve fails to
respond, then that particular servo package would in
fact start to continue to go in the direction it was
comanded to go without feedback shutting the valve
of f.

There's a lot of ways to take care of that
situation and different manufacturers, different people
have conme up with different ideas. They tend to run in
val ve jam detectors, nechanical and electrical, and
then detect a valve jam And then usually electrically
turn off a valve that depressurizes the hydraulic
system and stop the runaway.

Wll, this kind of a device, which is pretty
commonly used, requires sone tine to detect the valve
jam then turn off the system then bleed it down. And
so there's a dynamc situation where if you have a
val ve jam you get sone kind of overshoot or you can get
the system turned off.

The fellows that worked on the 727 in this
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particular device -- 1 was not one of themright at the
start of it -- came up with a valve within a valve and
the objective of this valve was that it would -- if you

had a jam of the primary to the secondary because of a
chip, then the secondary would nove and you woul d
actually dunp both sides of the piston to return
pressure, which would depressurize the package
automatically with no time lag, no sensing, no

el ectronics, no maintenance, the things that go wong
with electrical systens.

So, this device was intended to reduce the
pressure ideally so you could manufacture everything
exactly down to zero residual pressure across the
piston head. O course, you can't do everything
perfect, so it's set up to reduce the pressure
somewhat. And the anmount that it has to cone down is a
function of where you happen to be using this thing;

t he rudder, elevator, wherever.

Vell, we put that on the 727 and it turns out
the guys that did the design got real clever. They
found that if the valve -- they could set up the pieces

so that if the valve janmmed in any position except its
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extreme travel, then you could retain sonme control over
t he package.

If it jammed at neutral, for instance, then
the secondary would give you full hinge nonent at 50
percent rate. If it janmed at full stroke of the
primary or secondary, then you ideally got zero hinge
nonent at zero rate. And if it jamed anywhere in
between, then you got sone benefit.

So what turned out being an automatic
depressuri zation device al so provides sone anount of
control, depending on where the jam occurs.

Wrking on a 737, since this device was
avail abl e, people recognized that if they put this in
the rudder of the 737, that if a valve jam occurred,
which historically, that happens on a package about
once every 10 mllion flight hours, then this thing
woul d reduce the anount of residual rudder that would
be there after a single valve jam or provide control
dependi ng on where the jam was.

And if you could reduce the anount of hinge
nonent after a valve jam then you increased your

amount of aileron residual that you had over rudders.
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I heard a couple of times where you trade off rudder
versus aileron

MR PHLLIPS: At least two Boeing airplanes
that 1'maware of, the 727 which we discussed earlier
and the 747, have two rudder panels and independent
actuati on packages. Can you discuss a little bit the
reasoni ng that Boeing had at the tinme for going to a
singl e package, dual concentric controlled systen?

THE WTNESS: The prelimnary design fellows,
when the airplane cane out of PD, it had a single
rudder. ['mnot exactly sure what it was. | suspicion
that it had to do with -- on this particular airplane,
configuration. It was probably lighter than a dual
rudder. That would be ny guess.

Every airplane is different. The weight
tradeoffs are different for every airplane. And | know
that's a tradeoff that caused us to put a single slab
rudder on 757.

MR PHLLIPS: And the 777, the triple 7, has
a single panel rudder?

THE W TNESS: Let's see. That's the one

comercial airplane I haven't worked on. Yes. |
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believe it is.
MR PHI LLI PS: I don't know if you discussed
the rudder trimsystem Could you briefly describe how

t hat operates?

THE W TNESS:  Yes. | guess | skipped that.

If we go back to page 6, | believe, would
showit. On page 6 | comented that there was a field
and centering unit that -- when that's driven out of

its centered position, you get a rudder position
through the input |inkage there.

Wiat we do is to have an electric drive notor
and a little jack screw, and we actually rotate that
field and centering unit wth a comand of the switch
in the cockpit. So, by rotating a rudder switch on the
aisle stand, the little jack screw through an electric
signal, wll rotate the field and centering unit. And
what that does it backdrives the cable system
positions, the rudder peddles offset to the potion
that's commanded, and noves the rudder over to offset
that's driven in by the trim system

So we can trimup to about -- | think it's 14

or 15 degrees of rudder. And when you do that, the
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rudder peddl es are about 50 percent offset away from
their neutral position. The rudder peddles thenselves
are tied directly through the control |inkages to the
rudder itself through the main power control package.

It does have those manifold stops that |
indicated that the elevator package has, and that neans
that the rudder position to the rudder peddle can only
be different by the anount of that small backl ash
that's in the manifold stops. So the rudder peddles
will always follow physically the rudder, regardless of
what happens on the ground, the wind blows it, you nane
it.

MR PHILLI PS: | guess that brings us to the
yaw danper. That's the one time the rudder peddles
don't follow the rudder position

THE WTNESS: That's correct.

Inside the package, as we comented, we have
a separate set of sunmng levers is what we call them
And for that very, very limted stroke the -- let's put
it this way.

Wthin the 6 degrees that's in the valve -- |

think it's around 6 degrees. I[t's in the valve
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backl ash. The yaw danper can nove the rudder peddles
three degrees, or nove the |inkages three degrees

W thout it getting back to the rudder peddles. And so
we have what we call a series input system where the
actual rudder position is a function of rudder peddle
pl us the year danper.

And so as long as we stay within the val ve
stop -- and the yaw danper certainly does -- then the
yaw danper can put a 3 degree input in. The feedback
i nkage comes back and that doesn't feed back to the
rotor peddles. That's correct.

MR PHLLIPS: What limts the yaw danper
input to 3 degrees?

THE W TNESS: It"s the length of the piston
and the nechanical stops that it drives up. Again, the
piston is only so long and it can nove about three-
tenths of an inch. That's the -- that it's in. It's
in cab, so it can only go two-tenths of an inch or
what ever the exact nunber is.

MR PHI LLI PS: Coul d you take us back up to
the front of the airplane with the coupler and bring us

through a description of the yaw input comuand from the

CAPI TAL HILL REPORTING |NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

475
coupl er back into the yaw danmper and what the resulting
notion of the rudder would be?

THE WTNESS: Are you asking me is there an
indicator in the cockpit?

MR PH LLIPS: That would be part of the
system l'd like to -- 1'd like to start with the
begi nning of the sensing of a yaw input requirenent and
then resolve that into the rudder novenent.

THE W TNESS: Fundanental |y, when the
airplane yaws or sw ngs sideways, we have devices
called rate gyro, and it's a gyroscope. And as the
airplane rises, the gyroscope creates an electrical
signal in proportion to how fast the airplane changes
direction.

That electrical signal is processed through a
yaw danper coupler, a magic black box that | can't add
too much to. And the conputated signal goes back to
t he rudder package. That commands the transfer valve.
The transfer valve puts fluid to this little yaw damper
cylinder or yaw danper piston, noves the piston, and
then that opens the valve.

The rudder itself noves. The feedback
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i nkage comes back and shuts the valve off, and then
that's it in a nutshell, | guess, unless you try to get
nme to explain the black box.

MR PHI LLI PS: | believe we'll pass on that.

And there is an indication in the cockpit of
t he yaw danper operation position?

THE WTNESS: There is a yaw danper position
indicator and it indicates the position of the yaw
danper piston electrically. | believe it's an

electrically driven indicator in the cockpit, yet.

And again, I'mnot sure if that's basic or a
cust omer option. | believe it's basic.
MR PHI LLI PS: In later testinony we were

planning to talk about a series of yaw danper upsets or
events over the last few years. Can you speak in
general terns of your know edge of those upsets and
event s?

THE W TNESS: | understand there has been a
nunber of upsets. Mst of the upsets have probably
been classified as nuisance things. There have been
sonme where people have sent in reports.

For the nost part we've had dirty, noisy or
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ot herwi se rough output, electrical output rate gyros,
that give an erratic electrical signal. So what you
get is probably a quivering or probably a lot of the
conpl aints have been that the yaw danper is not working
very good and doesn't danp the Dutch rollout. And it's
of course, a right quality, and if the airplane is
bounci ng around in turbul ence, we get wite-ups from
t hat, too.

MR PH LLIPS: Are you aware of any clains of
t he yaw danper noving the rudder beyond it's three
degree limt in this airplane?

THE WTNESS: The answer is no. The yaw
danper piston is nmechanically limted to what it can go
to, and that's that.

MR PHI LLI PS: Going to the standby system
that you described earlier, could you -- the term
gal ling needs to be defined. Coul d you pl ease give us
a description of what galling is and what it's effects
may be to the standby input systenf

THE WTNESS: Wen two pieces of netal are
rubbed together, the little mcroscopic peaks kind of

rub the tops off each other and eventually when you do
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pi eces.

Not being a netallurgist, |I'm not sure
exactly what the official thing is, but I think we've
all seen on our cars, working on our cars, we have a
cap that's rotating in a bushing or something and we
get this scratched and rough surface on the shaft.

That woul d be gal ling. It's really the two pieces
rubbi ng agai nst each other, riding together, breaking
| oose, riding together, breaking |oose and causing a
very rough surface.

So that's what galling is to ny
under st andi ng.

MR PHI LLI PS: kay. And on the input
bearing or the input shaft of the standby actuator,
what woul d be the effect of galling? Wat could be th
effect of galling for that systenf

THE W TNESS: Eventually if one were to do
| ong enough, | guess the galling could get to the poin
where the two parts wouldn't rotate any nore. \What we
have found a couple of tine and several tines in

service, and we |ooked at this extensively on a past
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problem is that as the galling starts to progress, you
start to get a resistance to notion and that resistance
to nmotion, |ooking at the standby package as the
housi ng nmoves back and forth, the input link if there's
no pilot input stays stationary, and so that |ink would

nove back and forth with respect to the housing.

It's a rotary joint and as that rotary joint
gets sticky or has high friction, eventually if you had
hi gh enough friction it wuld start to backdrive the
input crank and start to be loaded by the field and
centering unit. And the field and centering unit then
woul d at sone point, depending on how much stickiness
is there, would break the stickiness |oose and cause
the input crank to return to neutral. And that could
very well cause very small rudder nmotion as this thing
is progressing along and this galling cones up, causing
the field and input centering unit to kick in and out
of center, so to speak.

MR PH LLIPS: Are you aware of any
conditions in the accident airplanes that we've been

investigating that galling was found on that bearing?
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THE W TNESS:  VYes. 585 was galled and that
particular airplane, it was galled and at the sanme tine
the input nut was backed off 30 degrees. \Wat we
bel i eve happened there was as this |ever nmoved back and
forth and the galling progressed to sone particular
point, we believe -- 1 believe at least that the main
rudder package was probably renoved. The rudder was
noved to one side, which is about 30 degrees. The
galling was pushed into an area where it wasn't working
on a daily basis; stuck; and then when the main package
was reinstalled, the nut unscrewed.

Then after that, the indication that we had
on another airplane that we found in service with a nut
unscrewed, the nut just screwed in and out and operated
perfectly normal.

And | guess you're also wanting to know if we
had galling on 427. The answer is a small anount of
gal I'i ng. | conpared the pictures between 427 and 585
and the series of test sanples that we ran to
investigate 585, and the anount of galling was very,
very nmuch smaller than what | saw on 585.

My understanding is that when the 427 package
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was tested, we were you mght say fortunate that the
rudder systemwas in the fin and the fin broke off and
was outside the fireball, so we had pretty conplete
pi eces there. That package had less than a half a
pound friction in it, and a half a pound is the linmts
for a brand new package.

So | would have expected that package to be
operating totally normal.

MR PH LLIPS: What would the effect of
galling be in the systemif you were to run into it in
the normal course? Wuld it nmake an input to the
rudder or would the pilot know that it was galled?

What conditions would it take for a pilot to
realize that the airplane was in that condition?

THE WTNESS: W had several cases in 1986
and the wite-ups turned out erratic steering, which is
basically high friction in the rudder peddles. The
pilots could feel it and had sone conplaints of erratic
yaw damper. And it's kind of difficult to really say
what erratic yaw danper is.

For the nost part, | believe it's snall

inputs that they don't expect in snooth weather or

CAPI TAL HILL REPORTING | NC
(202) 466- 9500



482
probably rough rides when they expect the yaw danper to

take the turbul ence out in heavier weather. That's how

10

11

12

13

14

15

16

17

18

19

20

21

22

the ones that we found have been witten up.

MR PHI LLI PS: Coul d you characterize what
may cause the galling? You described it as peaks
rubbi ng and contacting each other. \Wat would cause
the galling?

THE W TNESS: Didn't bring a picture of it,
but it's a shaft and a bushing and it's hard stainless
steel and a relatively soft stainless steel
conbi nat i on. Harder shaft than is the bushing, |
bel i eve.

Generally speaking, if you have a soft
material and a hard material, you typically don't get
gal ling very much. If you have two hard materials or
two soft materials you can get galling quite readily.

Wiat we have on this package is fairly tight
clearances, 2 to 4 ten-thousandths of an inch dianetric
cl ear ance. W found when the parts were invested in
1986 that we had parts that were slightly out of
tol erance or when you're trying to hold sonething

within one ten-thousandths of an inch dianeter, it
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doesn't take nuch of a lump or out of round to fill up
that clearance, drive the two parts together

W found that for the nost part, although
it"s not universally true, that parts that galled were
quite low tinme parts that were discovered early in the
service life, within a couple thousand hours. Not al
of them but nost of them

| guess we had one other case where you could
screw the nut in and over-torque it and work it, and
that would take up the clearance. In fact, that's how
we managed to do our test parts, the testing that we
did for it. Reduce the clearance and over-torque it
and get the two parts to rub against each other.

MR PHI LLI PS: On the subject of
contam nation or particulates in hydraulic fluid, could
you characterize or describe any testing that's done or
any specifications that control contamnation limts in
hydraulic fluid and the effects on the systen?

THE WTNESS: The procurenent specification
whi ch we call BMsS3-11, defines the cleanliness |evel
for brand new fluid. W have an internal Boeing

specification that we use to check the cleanliness of
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ai rpl anes before we send them out the door, and also to
check our hydrant systens to nake sure the hydrant
systens stay clean.

There's been a lot of sanpling done on 427.

I think a later engineer has direct know edge of those
exact sanples and can give you nore data on exactly
t hose sanpl es.

MR PHI LLI PS: I's contam nation a design
consideration in the original design?

THE WTNESS: Maybe we can start and talk
about a hydraulic system and why you put filters and
where you put them

MR PHI LLIPS: That would be fine.

THE W TNESS: kay.

If you think of a hydraulic systemin
general, you have a power source which is a punp. The
punp is a piece of rotating equipnent. Rot at i ng
equi pment wears out, has wear particles. And so we
start with putting a filter on the outlet of the punp.

That filter on Boeing airplanes is a 15
mcron filter. Since we're going to talk about

mcrons, why don't we throw sonething up to kind of
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identify what a micron is to start wth.

Foi |l nunber 11.

(Pause.)

To get an idea when we're talking mcrons and
cleanliness, there will be a lot of discussion about 10
m crons, 20 mcrons. How big a piece is this thing?

A mcron is 39 mllionths of an inch. It's an
awful ly tiny thing. If you conpare it to sonething
that we have a basis for judgnent on, say human hair,
if you look at the outer circle, that would be a human
hair. If you look at that little dot down there,
that's a mcron.

Wien we tal k about contam nation and
cleanliness, we keep our systenms so clean that what
we're talking about are these mnute little dots. 've
heard it described as if you see the dust floating down
on a sunbeam you're talking about stuff that's that
small and smaller. W keep the systens very, very
cl ean.

So, when you talk about a mcron, that's what
we're tal king about. You can see it on the screen.

It's a pretty tiny thing.
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Incidentally, if you get down and filter the
fluid in a 2 to 3 mcron range, you actually can filter
the coloring dye that's in the fluid out. [t's that
fine.

So, back to hydraulic systens. The genera
idea is to arrange your hydraulic systens in such a
fashion that you get rid of the wear particles. You
collect the wear particles, put themthrough a filter
and arrange your system such that wherever wear
particles are generated, you collect them and get them
in areturn system

So you start with a punp. The punp can
generate wear particles. You put a filter on the
downstream site of the punp, take the filter fluid, put
it into a piping distributor system a pressure system
take that fluid and drive it back to a conponent, a
critical conponent, such as flight control packages.

W put a filter in the inlet of the package
and that's there to nmake sure that even if there's
sonmething introduced into the system say during
mai nt enance when you have a piece of plunbing apart,

that you can catch that contam nation
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Then in the various conponents, we arrange
the flow passages such that wear particles generated
within the various conponents go into a return cavity.
The return cavity collects the wear particles, pushes
themout into -- just flushes them | guess | should
say -- out into the return plunbing.

The return plunbing flows back to the main
system filter which we use to keep the system primarily
clean. And then we put check valves in various parts
in the return line so that you can never run backwards
and get any wear particles going back upstream It
al ways has to nove downstream

W collect the wear particles in the return
filters, put the fluid into a reservoir storage place
for extra hydraulic fluid. From there, put it back
into the punps and recircul ate the system

So, the filtration starts out with find a way
to collect the wear particles; take care of the various
sources where the wear particles are generated; collect
those things; get them back to the return system take
t hem out .

W manage the cleanliness of the airplanes by
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the mcron level of the filters. The pressure filters
outside the hydraulic punps are 15 mcrons. The K-
string filters, which is the cooling punps, is 25

m crons. | guess 25 mcrons is what we have at the
inlet of all of our flight power control packages on
this airplane.

MR PHILLI PS: | think we're going to hear
sone testinony later on that in sone of the fluid
sanples collected from the accident airplane that we
found sone particles in the 25 to 100 mcron range.
What woul d be your explanation of finding those
particles in the area of the power control unit that
they were collected fronf

THE W TNESS: Wll, again, the data that |
| ooked at, the particles, the lion share of the
particles, were in the return cavity where wear
particles within the package that cone off are
collected in a return cavity and then flushed on back
to the return system So in the return cavities and
the linkage cavities, that's where one would expect to
find the various wear particles.

And again, a 50 mcron chunk of wear particle
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is an awfully teeny, tiny thing.

MR PHI LLI PS: Goi ng back to nmaybe before the
original design was conceived, can you describe sonme of
the Federal Aviation Regulations that define aircraft
systens design in view of systens failures, jans and
what general protections are designed into the airplane
to counteract those?

THE WTNESS: The 727 | think was probably
the last airplane under the Gvil Aviation regulations,
the CAR s. I think the 737 was probably the first
airplane. And as | recall -- it's been a long tine --
the airplane had to be good for any single failure and
the airplane had to be tolerant of janms in the various
systens and flight controls.

MR PH LLIPS: The 737 had a failure analysis
performed during certification or prior to
certification. Are you famliar with that analysis?

THE WTNESS: Yes, | am

MR PHLLIPS: And in the case of |oss of
control of rudder surface, are you aware of what the
failure analysis showed or what the resulting action

woul d have been to overcone that failure?
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THE WTNESS. As | recall, it indicated that
if the rudder becones inoperative, use a latera
control. And we've had a lot of discussions on the
tradeoffs of using lateral versus rudder.

MR PHI LLI PS: So in the event of a fully
di spl aced rudder, displaced to the blowdown limt, the
pil ot would be expected to use the lateral contro
system to overcone that?

THE WTNESS: That's what the failure
analysis said. Yes.

MR PHLLIPS: And | believe in that docunent
there's also sone discussion of disabling hydraulic or
flight control systenms related to the hydraulics.

Wul d that also be an alternative to the runaway
position or hardover position?

THE W TNESS: I think you get into a
situation where that's an alternative that's possible,
but you start depending upon sonebody analyzing and
anal yzing properly and only turning off the systens
when it's the right failure. To msanalyze the failure
or situation that they're in and turn off the flight

control systems would not be a recommended thing, |
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don't think.

MR PHLLIPS: Then if | can restate what
you've just said, the lateral control exists to
overcone the hardover rudder position and that although
it my be an alternative to disable the hydraulic
system in your opinion it wouldn't be a reconmended
procedure.

THE WTNESS: As | alluded to earlier, the
manual reversion forces to fly the airplane w thout any
hydraulic system are considerably higher than the
standard field forces in a normal situation. It woul d
be an unusual situation. It would be sonething
different than guys do on a daily basis. And | think
in the long run, | guess | would feel that |ooking at
the probability of msanalyzing a system and going to
manual reversion when it wasn't necessary is not a
recommended thing to do.

MR PHI LLI PS: Do you have anything to add,
any other statenent you' d like to make or what you'd
l'ike to discuss?

THE WTNESS: As far as the control systen?

There is one foil that we brought that we didn't get
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into. There's been a |ot of discussion on
contam nation of the valve and you alluded to it
earlier.

If we can show nunber 12, chart nunber 12.

(Pause.)

There's been a lot of discussion in the
investigation on this about fine particle contam nation
and is it a situation that we need to perhaps increase
our filtration or do something el se about.

If you ook at a typical slide and sl eeve
valve, a typical slide and sleeve valve is a steel
cylinder inside of a hollow -- just a rod inside of a
cylinder. And these things are very, very close
tolerance, very tight fit. A typical dianetral
clearance on a |apse slide and sl eeve valve woul d be
anywhere from 80 mllionths to maybe as nmuch or two or
t hree thousandths of an inch. But 80 to 200 mllionths
is very typical.

Now that turns out, if you look at it, is
like |-1/2 nmaybe as much as 2 mcrons. Now a val ve
has what we call an underlap, and the underlap a space

that's about 25 mcrons, about a thousandths of an
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inch, where we interconnect both sides of the cylinder
And that allows us to change what we call the flow gain
in a very small part of the performance characteristics
of a valve, and that gets into the servo analysis of
why you want to do that.

But what it does do is it creates
fundanmental |y an open hole and that open hole is about
25 mcrons wide and in a plane it would be
perpendi cul ar to the paper. It would be as wide as the
netering slot. And on this particular valve, that's
about 14 thousandths, as | recall. So you have a
pretty sizable hole. And so these 10, 20, 30 mcron
pieces of material with 3,000 psi upstream you can see
quite readily that they would be pushed right through
that open hole into the downstream with a m ni num of
1500 psi driving them through.

W don't see that kind of small particle
contam nation janm ng a valve or sticking a valve.

Wiat jans a valve is rust, perhaps, corrosion products.
W had an airplane, an Air Force airplane once upon a
time, that was serviced with water and the parts all

rusted. We had to change everything out in the
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hydraulic system and flush it.

For a large particle -- when | say a large
particle, 1'm talking about sonething that's big enough
to go into the flow passage, into the netering slot,
and wedge in there and stay and not flush on through.

A piece of block wire, we've had a couple of shocking
bolts, things like that.

So, we have found that over many, many years
that small particle contamnation is not a problemwth
side and sleeve valves. That we need to be concerned
about the large particle contamnations. And as | said
before, that happens about once every 10 mllion hours
because occasionally sonmething is left in the package
when it's manufactured or introduced during maintenance
or some other -- who knows where they cone from-- from
tine to tinme.

So once every 10 mllion hours we nmay get a
large particle jammng a valve and that's where the
dual val ve cones in. If the primary would jam the
secondary would override it and performits function

MR PHLLIPS: Are you aware of a dual slide

concentric valve in a Boeing aircraft design or Boeing
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aircraft for an airplane, jammng and resulting in a
| oss of control or loss of function of the systen?

THE WTNESS: Not losing control of the
system In each case that |I'm aware of, the valve has
performed precisely as it's been expected to do.
Certainly if it's not expected and people don't
recogni ze what it's supposed to do -- |'ve heard that
the thing doesn't work, but in reality we've had Like T
said, a lot of shocking balls. W had one rustedpart.
and we've given you a couple of service reports and the
valve performed its function exactly as it was intended
to.

MR PH LLIPS: Wuld these failures be
obvious to the flight crew?

THE W TNESS: | believe they woul d.

Remenber, | said the function is to dunp the package,
dunp the pressure, depressurize the package. But in
certain cases it would provide full hinge nonment at

that rate. And so in any case except -- well, let ne
put it one way. [f it jamred in the extrene of travel
where the surface was dead and that could be witten up

as rudder peddle jamis one of the ones that we had,
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and the reality, the valve was bypassing fluid and
didn't respond. Very obvious.

In the other extreme, if it jammed in prinmary
and neutral and it was being overridden by the
secondary where you actually had performance out of the
valve, you' d get full hinge nonent capability at 50
percent travel and any jamin between you m ght get 20
percent hinge nonent at 20 percent rate. And those
things would be detectable in a control check.

MR PHI LLI PS: In other testinony we heard
sone di scussion of bl owdown. Coul d you describe what
bl owndown is from the systens perspective?

THE W TNESS: Bl ondown is if you look at this
rudder package specifically, it's designed to react in
air load at a relatively low airspeed to counter an
engine out. On this particular airplane it's 100 and
sone knots. I don't know the exact nunber any nore.
And that's how much power we put into the power contro
package; 3,000 psi tines the area of the piston.

That's how much torque can be generated on the rudder
to react the air | oads.

As the airspeed goes up, the air resistance
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goes up, Obviously. And what it says is for that
amount of torque that we built in, you can only deflect
the rudder a limted anount so that it creates the
torque that the package -- react the torque that the
package can produce.

So, at 110 or 115 knots, whatever it is, you
get full rudder travel at 3,000 psi differential across
the pistons. At 300 knots you'd get considerably |ess
anmount of rudder to recreate that sane anount of
torque.

MR PHILLI PS: I's that sonething that just
happens in the design or is it on purpose to designed,
the area the pistons control for blowdown?

THE WTNESS: On this airplane we have made
the pistons as small as we possibly could to handle the
engi ne out at |ow speed because if you |ook at the
design of the body bending nonent in the fin, the
bi gger the package is the nore netal you have to put in
the body for body bending loads. And so it's to our
advantage to nmake the package as snall as possible and
that's what we do.

MR PHLLIPS: And one |last question on the
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mai n rudder power control wunit. I's the design simlar
for all 737 series aircraft? Could you briefly
describe the differences between the 100, 200, 300 and
4007

THE WTNESS: The 100 and 200 cane out wth
two sets of yaw danper pistons. The 727 which is just
before this airplane, required an operable yaw danper
if you were flying at sone altitude and speed. The 737
had two yaw danpers because the same people did the
design and if you needed it once, you put it in the
next airplane. And that's the best guess that the
people that did the wind tunnel testing had at the
tine.

In flight tests, it turns out the airplane
was quite stable, did not need dualization on the yaw
danper for Dutch roll danping and so at sonme |ater
point intime, -- | can't renenber exactly when it was.
| think I may have sone notes.

(Pause.)

In about 1974 we took out the second yaw
danper piston because it had just been going along for

the ride. So at sone point in tine we took out the
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el ectronics and went to a single package.

So we have packages that have two yaw
danpers, one of which isn't hooked up to anything. It
just sits there because there's no electrical systemin
the airplane any nore. W have |ater packages with a
singl e yaw danper package. And then over a period of
tine we have packages with different amunts of
aut hority.

W have 2 degrees, 4 degrees, and today we're
back to 3 degrees.

MR PH LLIPS: And who provides that nain
rudder power control unit to Boeing?

THE WTNESS: The main rudder power contro
unit is designed on Boeing paper with exception of the
servo valve, which is a vendor proprietary item And
t he package is procured from Parker Hannifin.

MR PH LLIPS: And the standby rudder
actuator supplier?

THE WTNESS: The standby rudder package is
procured under a procurenent specification. [t's a
vendor designed item that we buy under specification

And that's from Dowdy Aerospace, Los Angel es.
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MR PHILLI PS: I've got no further questions.

CHAI RVAN  HALL: Do any of the parties have
questions of this witness? Anyone other than the
Boei ng Cor poration?

If not, Boeing, please proceed.

MR, McGREW  Thank you, M. Chairman.

M. Turner, the only question | have is are
you totally satisfied that the amount of galling in the
| oad seen at the actuator -- the standby actuator
woul d absolve it from any participation in the 427
event ?

THE WTNESS: There's no doubt whatsoever

MR, McGREW  Thank you, M. Chairman.

CHAI RVAN HALL: Thank you.

M. Marx?

MR MARX I'"'minterested in that |ast answer
to the question having to do with galling. M
understanding is in your testinmony here, anyway, is
that sonme yaw danper irregularities that have occurred
in the past can be traced back to what you feel to be
galling in the standby rudder. Is that correct?

THE W TNESS: We had one case in 1986 that
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had erratic yaw danpers. | believe it was -- the wite-
up, the only thing we found was gall packages -- gall
in the fluid drain.

MR MARX: And is it possible for the
freezing of the standby rudder by galling, which may be
tenporary or what have you, to cause the rudder to nove
past the three degrees from the yaw danper input?

THE W TNESS: Past three degrees?

MR MARX:  Yes.

THE WTNESS: Just because of the yaw danper
i nput ?

MR MARX:  Well, we know that the yaw danmper
based on your testinony, wll be limted to plus or
mnus three degrees, a total of six degrees. And if you
have galling that occurs in the standby unit, let's
just say that we have a frozen unit up there. How f ar
is it possible to drive the rudder?

THE WTNESS: W have done sone cal cul ations
of that and you get different answers dependi ng on what
assunptions you make on spring rate; what assunptions
you make on how nuch friction; whether the thing

springs back; whether it's forced back

CAPI TAL HILL REPORTING | NC
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

502

Wiat we have seen in our calculations is
static offsets at -- say, for instance, the report that
you have of 60 pounds where the thing is galling to the
poi nt of 60 pounds, the field and centering unit would
cause that galling to break |oose. It provides enough
force to break that galling loose in the 2-1/2 to 3
degree, as much as perhaps 4 degrees, depending on the
amount of friction in the system

If you were to say is it conceivable that
this thing could stick, the yaw danper could put in
input, cause this 2 to 2-1/2 degrees offset, the
airplane yaw in the other direction, the yaw danper
reverse direction and get those things attitude, that
could very well be. I have no way of knowi ng that for
sure.

MR MARX | don't quite understand. You're
saying that it can nove past 3 degrees?

THE W TNESS: In a dynam c overshoot
situation, | wouldn't be surprised.

MR MARX:  Wll, how far past 3 degrees could
it be noved?

THE W TNESS: Qur sinmulations would indicate
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that a typical -- depending on the assunptions you make
-- could be 4-5, maybe 6 degrees. That's ny

recol | ection. I think you have a report from 585 on

t hat .

MR MARX:  You were al so making sone
statenents about hard and soft materials and the effect
of galling. I's there anything el se, such as high
contact pressures that could produce galling?

THE WTNESS: Wll, obviously the parts have
to be rubbing against each other, but again, I'mnot a
netal lurgist so ny perception of galling is two parts
that are rubbing agai nst each other. If they are of
simlar hardness, if they're not lubricated, then the
harder you push them together the nore likely they are
to gall.

MR MARX:  Well, | happen to be a
netallurgist so | do know a little bit nore about it.
Wiat I'mtrying to get across here is that if you have
two materials that come together and produce galling
and galling is a result of something that can be
produced by high contact stress, could that high

contact stress be signifying sone other problemthat is
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occurring in the shaft and bearing?

Wiat |'d like to do also is go a little bit
into where this galling occurred on this particular
shaft. Do you know whet her galling occurred?

THE W TNESS: |'ve seen the pictures. Yes.

MR MARX: And was it in the sanme |ocation as
that that occurred on Col orado Springs?

THE W TNESS: No. Col orado Springs occurred
in the unlubricated part of the shaft outside of the
seal, and this one occurred on the inside.

MR MARX: On the lubricated portion, would
you expect to have higher contact stresses because you
are in the lubricated portion to produce galling or
versus the one that occurs in the unlubricated portion?

THE WTNESS: The speed of rotation is so
sl ow on that thing. I["'mnot sure that it would be a
lot of difference on the things.

MR MARX: Well, what is the speed rotation
on it?

THE WTNESS: The thing noves back and forth
approximately 2 degrees and it would nove at -- depends

on how hard you kicked the rudder peddle. Probably 30
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degrees per second or sonething like that.

MR MARX: This is the -- you're talking
about the rotating of the shaft with respect to the
bushi ng?

THE W TNESS: The bushing to the beariing.

MR MARX: Wiat's to keep a bound up from
galling on the standby unit from running away or
causing the main PCU to run away?

THE WTNESS: The torsional conpliance in
that area, if it tries to drive the system it starts
to lift the field and centering cam up out of the
detended position. That |oads that conpliant |ink and
that part bends, rotates, gives up. And that allows
and actually puts a signal into the main rudder package
to stop the notion.

MR MARX: And this was established as a
result of the investigation that was done in Col orado
Springs?

THE W TNESS: No. It was really investigated
thoroughly in our iron bird testing in either 1967 or
1968, which was the reason that we were able to take

t he shear-out nechanism out of the |inkage, which was
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put in there for protection against that particular
failure nmode. The shear-out didn't work because of the
conpliance, so it was inherent in the system

MR MARX ['"'mnot too sure -- | didn't
follow that, what you were tal king about on the shear-
out . Coul d you explain that one nore tine?

THE WTNESS: Wen we designed the airplane
way back when, you may recall we said we had to be good
for any single failure, including any jam bind, valve
jam Wwhatever, in the standby package. And we put a
shear-out in there, so that one could put your feet on
the rudder peddles and cut the shear out and rel ease
that fromthe rest of your system and regai n nornal
control.

That shear-out wasn't needed because of the
softness in the torsion link that travels between the
mai n package and the standby package, and the torsiona
capability of that part negated the need for the shear-
out. It sinply wound up so much that we couldn't cut
the shear out.

MR, MARX: During normal yaw danper

operations, the yaw danper is noving back and forth to
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cause the rate of change novenent on the main PCU
which is the primary and secondary val ves.

Wiat is the maximum rate that the yaw danper
can nove that rudder? |'m talking about in degrees per
second.

THE W TNESS: I"d have to look it up, but O
believe that it can run at about 30 or 40 degrees per
second maxi mum rate, naxi mum yaw danper rate.

MR MARX: Wiy can't it do the full rate
travel of -- what is the normal? If the pilot input
into the rudder peddles the nmaximum rate he could do,
what woul d that cause in the nain PCU? How fast would
t he rudder nove?

THE W TNESS: Let ne see. | haven't | ooked
at this package this close for several nonths.

(Pause.)

Typically, we set the rate of augnmentation
systenms by sizing the nod piston, the yaw danper
piston, with respect to the flow rate of the transfer
valve. The transfer valve gives you about three-tenths
of a gallon a mnute and | don't renmenber what the area

of the nod piston is.
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Relying on nenory, | don't know what the area
of that is. But that would say how fast the nod piston
could move. The nod piston has enough stroke to
certainly drive the rudder package to its maximum rate.
If that area is small enough to be saturated at three-
tenths of a gallon a mnute, | guess it could run al
the way up to maxi num travel

My recollection is it's a little less than
that, maxinumrate. M recollection is a little -- 1
may be wong on that. It's been a long tinme since |
| ooked at it.

MR MARX: | think fromwhat | hear from you
is that you're telling ne you're not actually sure but
you think it could go to full maxinumrate, but you're
not sure. Sonetinmes you think it may --

THE W TNESS: Let's make an assunption it can
go at 56 degrees per second.

MR MARX:  And what would be the maxi nun?

THE WTNESS: Then where would we go?

MR MARX If the maximumrate -- in other
words, can we take and nove the -- in the yaw danmper

the question would be can the yaw danper nove the
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secondary as far as it can nove to its full travel?

THE WTNESS: The yaw danper is capabl e of
noving the primary and secondary to the valve stops;
yes, to the external valve stop. In a norna
situation, there's no doubt in ny mnd that the yaw
danmper piston itself can stroke at three-tenths of an
inch, roughly three-tenths of an inch. [t's enough to
drive both primary and secondary to the valve stops,
yes, the external valve stops.

MR MARX:  And what about the internal valve,
internal stops?

THE WTNESS: The only way you can drive the
secondary to the internal valve stops is to have a jam
of the primary to the secondary so that you have a
direct load path w thout going through the secondary
| i nkage.

MR MARX:  Ckay. I think I'Il probably ask
sonme questions later on though when we get to some of
the other people, but |I was just trying to get a --

CHAIRVAN HALL: Can we -- in an attenpt to
follow this conversation, do you think we could put

Exhibit 9-S back up there, page 7?2 And you could
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explain the operation of this yaw danper to us one nore
tine.

THE WTNESS: Chart 7 you say? (kay.

CHAI RVAN HALL: [f | understand what we're
trying to do is find out how far this thing can nove;
right?

MR MARX: Ri ght. | realize that it's a very
conplicated subject and --

CHAI RVAN HALL: No. | don't have any
probllems. That's what we're here for is to get into
conpl i cated subjects. But | thought it would be
hel pful because |1'm having difficulty following it.

MR MARX: Wll, don't feel bad at all about
t hat .

(Laughter.)

It took ne a couple of days before |I got it
strai ght ened out.

THE WTNESS: There's Little doubt that it's
extremely conplicated, and this particular picture, |
m ght suggest we could talk for an hour and it would
probably still be confusing. There's a later video

comng on in Paul dine's presentation and the video
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has this thing laid out in a cavia nodel, a 3-g type
cavia nodel where you can actually see the notions of
these internal summing levers. And it mght help to
get a better picture.

Just to give you an idea of what you would be
seeing, could you put up the next chart, chart nunber
8?

CHAI RVAN HALL:  What part of that limts the
yaw danper's novenent ?

THE W TNESS: See the area that says -- up
near the top of the page, it says Yaw Danper Actuator?

CHAI RVAN HALL: Ri ght.

THE WTNESS: That's a steel cylinder that
noves inside of a bore, and that's the yaw damper
actuator. And it's a spring cage to a neutral position
and -- why don't we try the next chart, and this wll
give you an idea of what you're going to see in a video
that's actually a noving video.

As you can see, there's a nmultitude of parts
t here. The upper piston, you can see that that upper
piston has a limted stroke. It can only nmove within

the bore that's available to it. And that's the yaw

CAPI TAL HILL REPORTING |NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

512
danper actuator and while it's going to be awfully
tough to see in this two-dinensional picture, when you
get to the noving sinmulation, what you can see is that
t he yaw danper piston servo system if you put a
command, everything starts to happen. But if you break
it down one piece, you put an input in and then this
happens and then this happens. And take it one step at
a tine.

You can see that the yaw danper piston, if it
noves, it will nove what we call the internal sunm ng
links. And the internal summ ng |inks would pivot
about Point B. Those would nove the servo valve and
the servo valve at that point wuld be porting fluid to
one side or the other of the main power piston.

And the main power piston, this big thing up
on top that says piston, would then respond and woul d
move. Wen that noves, the bottom part of the sunm ng
lever is fixed. It's connected to the pilot's rudder
peddle, so it doesn't move. And what happens then is
as the top end of that big |lever noves, it noves a
thing called a valve crank, which is like -- the

external summing link, | guess, is the way it's
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| abel ed, which drives the input crank that rotates and
literally noves Point B over. And those notions add up
to read all the valves, so that the valve goes back to
neutral and the piston stops noving.

Wthin that conplicated linkage train, the
piston is obligated to -- output piston is obligated to
nove in a direct proportion to the anount of stroke of
t he yaw danper and the Linkage ratios of all these
summ ng |evers.

CHAI RVAN HALL:  The | aw danper noves wi thout
the pilot? Doesn't require the pilot's input; right?

THE WTNESS: That's right.

CHAI RVAN HALL: This is an electrical --

THE WTNESS: This is a series node. And
within the authority of the yaw danmper actuator it wll
move. And the input point will not nove for those three
degr ees.

CHAI RVAN HALL: And it's basically noving al
the time in flight or a lot, part of the time?

THE W TNESS: It tends to nove -- cycle, at
the natural Dutch roll frequency of the airplane.

CHAI RMAN HALL: And what is the life of a
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unit Iike that?

THE WTNESS: The whol e power control package
being a hydraulic device with teflon and rubber seals
init, 20,000 hours is a pretty good life on a piece of
hardware |ike this.

CGenerally, the noving parts, the netal parts,
don't wear out as rapidly as the seals, the soft parts.
And so the typical thing you do on hydraulic equipnent
is monitor the | eakage, and when it starts to |eaking
quite a bit, whatever the airline elects to put as
their criteria -- and we've got sone recommendations
for that. Wen it gets to leaking to the point they
want to change it, then they schedul e nmaintenance and
change it.

Now, we put in teflon cap strips on the seals
so that when it starts to leak, it starts to dribble,
and then nore and then nore and nore, rather than the
other failure node of a pure rubber seal is it's real
dry and all of a sudden it goes -- atchoo.

The long life seals that start to dribble and
dribble and dribble allows a naintenance operation to

schedul e nmi nt enance on it.
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CHAI RVAN HALL: I"m sorry, Mke. Proceed
ahead. | didn"t nean to butt in, but --
MR, MARX: I think that naybe some of the

ot her technical questions we could ask to the other

Wi tnesses that cone in. | was just trying to get your
feel for it because of the anount of experience that
you have with these units.

If you could just give ne sone ideas as to
why you answered the question that the Boeing
representative asked you about the galling. [ think
the question was to the effect that this galling could
have had absolutely nothing to do with the novenent of
the rudder. To that extent, could you go a little bit
further into that?

THE WTNESS: The testinony that we've heard
so far indicates a rudder notion that comes in roughly
5 degrees per second to a full blowdown position. If
it were the rudder, and that's what people have been
di scussing, bringing something in at a particular rate
like that is not the characteristic at all of having a
gal | package. A gall package, the stroke would be

considerably less. The field and centering unit would
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break it out at sone snall amount of rudder
As a matter of fact, this one actually
neasured half a pound, less than half a pound. And at
less than a half a pound, that's way, way -- that's

smal ler than what the field and centering unit can

handl e.

And in any case, the field and centering unit
alone, with no input fromthe rudder peddles at all, no
corrective action at all, the field and centering unit

woul d prevent this thing from every going -- what did
we have? 16-18 degrees? \Watever the chart showed.
There's too nuch conpliance in the system for that.

And this thing went over at a relatively
constant rate, an average rate of 2-1/2 to 5 degrees.
That's just not the characteristic that we have seen or
woul d expect to see.

MR MARX So you wouldn't be able to get the
rate of 2-1/2 to 5 degrees with a frozen bearing to the
shaft? Is that what you're saying?

THE WTNESS: You couldn't get it all the way
to the 16 degrees.

MR MARX: No, but how about the rate, 2-1/2
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to 5 degrees?

THE WTNESS: One would have to start to
specul ate sone kind of a thing where -- gee, | don't
know what you'd do. Assune that it wasn't stuck and
all of a sudden it welded solid at sone particular
posi tion. That woul d be pure specul ation.

MR MARX: Are you aware that in galling
situations you can actually have a very large force at
one tinme and then a very small force resulting fromthe
breakaway or that this connection of the transferred
netal or the T welding of the nmetal as it breaks away?
Are you aware that this force, rotational forces, can
go down?

THE W TNESS: I''m aware of that.

MR MARX So the one half pound that was

neasured after the accident nmay not be representative

of the position in which it was actually -- the netal
was transferred onto. Is that correct?
THE W TNESS: I think that's speculation to

draw that conclusion in my opinion.
MR MARX:  Ckay. Let's put it this way.

Have we done any galling tests at all on parts in the
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past as a result of Colorado Springs?

THE W TNESS:  VYes. In participation with the
Systens Goup, they asked us to set up a test, and we
manuf act ured sone special parts and created galling,
and we'd create galling on a nunber of sanples. \hat
we were attenpting to do was to try to duplicate the
kind of galling that we saw in Col orado Springs and
also match that with the part that we had from 1986
where we knew what the galling |oad was, which was 57
pounds on that particular part in 1986.

W ran probably six or eight sanples and
recorded the breakout force, the running torque. And
yes, We saw that it tended to be a function of how
rapid you noved it. If you'd run it at a fairly slow
rate and then you nmade some |arger inputs through the
rudder peddle, you had a tendency to get a higher force
at that particular point in tinme, so it's not constant.

MR MARX It"s not constant.

THE W TNESS: But we didn't see anything in
any of our testing where it was very, very |low and then
suddenly got very, very high and then suddenly went

down to nothing. Wiat we saw was if it was on a test
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part -- and we took one of these test parts and ran it
and ran it and ran it until it was solid, as solid as
we could get it, like 120 pounds, it had a tendency to
go stick slip, but not fromzero to 120 pounds. [t was
140 to -- you know, it varied but it didn't go from
zero to a big nunber. That's what our test indications
Ver e.

MR, MARX:  Not from zero. ' m tal king about
froma |arge nunber down to a very |ow nunber where you
have actual sticking of the parts and then that
sticking breaks | oose and you go down to a | ow nunber.

THE WTNESS: W didn't see that in the test
program that we ran for you at all.

MR MARX:  Ckay. | don't have the data here
in front of me either, so I just wondered what you
recalled fromthat test.

THE W TNESS: It changed in value, but we
didn't see gross changes of the kind you' re talking
about. No.

MR, MARX: | have no further questions.

CHAI RVAN HALL: M. dark?

MR, CLARK: | have no questions.
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CHAl RVAN HALL: M. Schl eede?

MR SCHLEEDE: Just a couple areas, M.
Tur ner.

In the maintenance records for this accident
airplane, Flight 427, the nmain rudder PCU was replaced
in January of 1993. And I'mnot sure if this is in
your area of responsibility or expertise, but there was
a non-routine work card witten for the bolt that
attaches the PCU to the rudder, that it found to have,
and it quotes, "a slight step worn in it," and the bolt
was replaced and shipped back with the PCU which had
been | eaki ng.

First of all, are you aware of that
i nformation?

THE W TNESS: | have read your exhibit.
That's the only thing that | personally had to do with
it.

MR SCHLEEDE: Do you have any know edge or
experience regarding this type of wear on that
particular bolt?

THE W TNESS: Wll, it's the main pin that

went through the main piston into the rudder. \What
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happens if that bolt wears, sonetines under |oad the
pin will rotate in the bushing rather than rotate in
the bearing, particularly if you're flying at high
altitude and the tenperatures are very low and the
grease gets stiff in the bearing. And as the pin
rotates in the bushing or it could even rotate in the
i nner recess of the bearing, depending on the fit,
those pins wear fromtime to tine, and what you get is
backl ash.  And, you know, in a C check or D check,
there's a backl ash check

MR SCHLEEDE: So is this sonething that you
woul d becone aware of in the course of your
responsibilities?

THE W TNESS: | would have, had | sti 11 been
in the Sustaining G oup. It's the kind of thing that
if it's reported, and of course there's a series of
| egal requirenents on reporting. If it's reported, it
woul d conme into our Service G oup. Qur Service Goup
woul d nonitor those reports and get with the
appropriate Sustaining people and we'd take action
wher e necessary.

How t hat process works, | think M. Johnson
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wll go over that in a lot of detail. But it's the
kind of thing that if we saw very nany cases of it,
woul d know about it.

MR SCHLEEDE: WlIl, you are aware of past
i nstances of that?

THE W TNESS: I don't have any -- [ can't
recall of any other than this particular one, but I'm
not a bit surprised. It's just another bolt and
anot her wear part.

MR SCHLEEDE: Wuld it be possible to point
out the location where we're talking about on there?
Is it on that diagranf

THE W TNESS: I think it's a small picture
but -- put the other one back up, please.

If you can hit the nmain rudder contro
package rod end where it attaches to the -- there you
go.

MR SCHLEEDE: Ckay. W're on Exhibit 9-S
page 6.

THE WTNESS: Wwen | read that report, |
believe that's the bolt they were tal king about. |

didn't spend a lot of time reading the report, but |
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think that's what they were tal king about.

MR, SCHLEEDE: | was just curious whether
there was -- because in fact it was found on this
particular aircraft, is there anything within the main

PCU mechani sm or any of this other bushrods and so
forth that could generate forces to that bolt?

THE WTNESS: That bolt takes the full |oad
of the rudder power going into the rudder, so it's
| oaded every tinme that you fly the airplane nultiple
times. And during the certification of the airplane,
during the testing, we go in there and put undersized
bolts in and see whether there's symetric backl ash
that we can get phenonenon on the flutter, which we
heard about earlier

So we go into the maintenance manual and put
wear and rework limts on that bolt, and so that's a
point that we test to see how much backlash can we have
there without creating a condition we're concerned
about. W put that in the maintenance manual and
that's one of the inspection points.

MR SCHLEEDE: What kind of condition would

you be concerned about if there was backl ash?
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THE W TNESS: Flutter. If it got too great,
you'd have potential for flutter. And it would be
plenty times nore backlash than what's allowed in wear
and rework tolerance area of the maintenance manual

MR SCHLEEDE: I know you're probably getting
tired of talking about standby rudder actuator. If the
standby rudder actuator is frozen solid, and | know it
wasn't in this accident with 427, but if it's frozen
for any reason, galling or the servo valve is corroded
and frozen, what effect does that have on the operation
of the rudder systen?

THE WTNESS: You're saying a hypothetical
if you were to put a clanp on there and you coul dn't
nove it?

MR SCHLEEDE: I'"'m aware of one particular
incident, a recent one, which a servo within the nain
PCU was frozen from corrosion. Now if it's frozen or
galled up to a significant value, what is the resultant
reaction to this rudder systen?

THE WTNESS: On that particular one that
you're talking about, | believe it's the one that was

rusted and the val ve had broken off. That's a case
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there where during -- undoubtedly, during a contro

check, the housing didn't nove with respect to the

pilot's input comand; broke the ball off. It takes
about -- you know, we broke one of those in the 585
investigation and it took -- 1 think it took 75 pounds

at the input crank to snap that ball off.

So what you would get is this thing would
start to backdrive, if you want to call it that, and
then the field and centering unit or the pilot's
command woul d create enough load to wind up the input
crank or the torque tube and the rudder would offset
sone snal |l anount. Depends on whether it was janmed
directly at neutral or sone offset anount. It depends
on how far it would go.

MR SCHLEEDE: If you had it in that
condition and had a step input on the yaw danper, what
woul d be the result?

THE WTNESS: That's where we were talking
before of how far it would go. You' d get an erratic
yaw danper .

MR SCHLEEDE:  (Ckay. But --

THE W TNESS: See, the yaw damper, the
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control laws, the electric control |laws are expecting
if the black box put in half a degree of rudder, it's
expecting to get the airplane response out of a half a
degree of rudder. If it gets nore or gets less, then
it tries to correct for that electronically, and so the
electrons try to do sonething different, try to correct

for something that they can't handle. And it sits

there and doesn't cycle at its normal rate. It goes
erratic.

MR SCHLEEDE:  (kay. I think one nore in
that area. If the standby is frozen for whatever

reason or severely galled up and there's for sone other
reason a loss of A and B systemin flight, is the
airplane controllable in that condition?

THE WTNESS: That's a triple failure and the
answer, the short answer is that the airplane is not
capabl e of handling any nunber of triple failures, and
this is one of them

Now, to prevent that from happening, the
hydraulic systens thenselves are quite reliable.

Having a double failure is a rare event in itself, and

we go check the standby system at every C check, which
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is an appropriate tine interval to go check for those
latent failures that you're talking about.

In that respect, this airplane would neet the
same criteria as a brand new 777 for two |atent
failures or two active failures plus one |atent
failure. It would be well past that. Extrenel y
i npr obabl e.

MR SCHLEEDE: In this case your |atent
failure would be the standby --

THE WTNESS: That's correct. Wth the
recommendation that is a C check. And of course that
checks having a disconnect or valve jam or welding or
any nunber of single failures in a single system

MR. SCHLEEDE: M. Turner, have you | earned
anything in your role in the investigation of this
accident or the Colorado Springs investigations that
gives you concern for any changes that need to be nade
to the rudder systemon the 737?

THE WTNESS: One change that we are
considering is, since there's been a lot of publicity
and we have seen the 427 going, we did make a change to

that bushing. Increased the clearance. And what we
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now see is the galling was outside. [t's now inside.
And we've got at least this one case of it that I'm
aware of.

W' ve been taking a look at what it m ght
take to nake another change to that area. And exactly
what the change woul d be, the people involved in the
design of it will all talk about.

MR SCHLEEDE: Ckay. \Well, since you raised
that, are you aware that the NISB made recommendati ons
follow ng the Colorado Springs investigation for
peri odi c check of the standby rudder actuator input arm
to detect binding?

THE W TNESS:  VYes. |'"ve read the proposed AD
Note that was put out.

MR SCHLEEDE: And there was a proposed AD
note which was withdrawn. Wre you involved in the
di scussions on the decisionmaking to wthdraw that
noti ce of proposed rul emaki ng?

THE WTNESS: Not directly any discussions
with the FMas to -- that it should or should not be
an AD Note. What we did was sit down and discuss the

ram fications in the failure nodes and created the data
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to allow the FMto nake that reconmendation to
wthdraw it. Wiich that data was apparently passed on
to the NTSB because there's a letter in your file that
concurred with that wthdrawal.

MR SCHLEEDE: You nentioned the discussions
about those changes. Are there any other changes that
you' re thinking about or working on?

THE W TNESS: | can't think of anything that
we would do to this system

MR, SCHLEEDE: Thank you very much, M.

Tur ner.

CHAl RMVAN HALL: M. Laynor?

MR LAYNOR M. Turner, at the risk of
belabor ing a point, just a couple.

In the yaw danmper actuating nechanism are
you aware of any failures at all to the wal king beam or
the sunmng levers or anything that can result in a
primary servo valve signal?

THE WTNESS: W did find a package that came
back from one of the airlines that had a summing | ever
that was not nachined properly and it didn't stop where

it was supposed to stop on the external valve stop and
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than we'd intended

that's the only one of

been found.

nothing that would explain a

a failure of the valve to null?

THE W TNESS: Repeat that again. [''m not

sure --

under stand t hat one,

MR LAYNOR  Any failures because, as |

t hat woul d not

fromnulling the main servo val ve.

failures in that

continuously noving rudder

m ght

could be sone additiona

THE WTNESS: Not

be referring to. If you're --

MR LAYNOR Wl I,

nechani sm t hat

prevent the valve

I's there any

woul d produce a

to the hardover position?

sure what failures you

I"'mtal king --

THE W TNESS: If we speculate that there

machi ned, one coul d specul at

failures to your

ever

MR LAYNOR ['m

occurred to the wal king beam or

parts out

know edge t hat

e that,

there that are ms-

guess.

just tal king about known

may or may not have

the sunm ng |evers
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or any of that nechanism any of the freezing of any of
the pivot points or anything that would explain a
continuously noving rudder.

You' re not aware of any?

THE WTNESS: The only one that |I'm aware of
in that mechanismis the one we just spoke of that was
m s- machi ned.

MR LAYNOR  And getting back to the
possibility of a jammed either primary or secondary
servo valve spool, is there any test conducted to
determ ne what the maxi mum pressure differential that
can be devel oped in any single jan®

THE WTNESS: W didn't put a limt on this
particular 737 rudder valve on the drawings. There's
been sonme testing done. There's been a tolerance study
run. Those test results will probably be exam ned
pretty detailed in later testinony.

MR LAYNOR Have you personally | ooked at
any of the hardware from the accident aircraft, 427,
the summ ng | ever nechanisns and anything to determ ne
whet her you saw any anonalies?

THE W TNESS: | haven't personally |ooked at
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t hem Paul Cine is the fellow that's done the lion's
share of that.

MR LAYNOR  The only other question to
bel abor the standby input crank arma little bit. I
was of the understanding that there was an iron bird
type of test to determine the conpliance in the torque
tube and the levers as such. Ws | under a ms--

THE W TNESS: No. | referred to it as the
nore formal nane of the Flight Control Systens Test
Rig. That's our iron bird.

MR, LAYNOR But early in your testinony when
you were discussing that in response to M. Phillips,
you said that it was done by analysis and | ooking at
the elasticity of the parts. Ws there actually a test
conducted to verify how nuch force that the centering
spring would have to exert to bring the valve back to
nul | ?

THE WTNESS: At the tinme of 585 when | was
involved in looking at this, the flight controls test
rig for the 737 had long since gone away. W didn't
have the capability of going out and doing additiona

testing. There was sone testing done in 1967-68. |
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can't tell you exactly what all went on back there.
I'"d have to go look it up in the files.

But no, we did not, when we reviewed this a
coupl e of years ago, have the facilities to go do that
kind of testing.

So, at that point, that part of it was done
by anal ysis.

MR LAYNOR  (kay. Do you know of any
failures, any type of malfunctions at all in your
know edge of the history of the 737 that have resulted
in a rudder hardover?

THE WTNESS: There was one case where the
ai rpl ane on approach had a jammed val ve at the steel
bal I . | can't renmenber which airplane it was w thout
looking it up. And, of course, if you have snall
resi dual pressure even 100 psi on the ground, the
surface will nove to its extrenme of travel

So, that particular airplane had a janmmed
valve. The secondary did it's job and at sl ow
airspeed, at touchdown, the rudder went to its extrene
of travel. The wite-up said at 100 knots. Not an

instrumented airplane. You can't guarantee the
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validity of that.

It did exactly what it was supposed to do.

MR, LAYNOR  (Kkay. So that was the pressure
differential we were talking about earlier wthout much
hi nge nonent that caused that to nove? |s that
correct?

THE WTNESS: That's correct.

MR. LAYNOR  (Ckay. Thank you, M. Turner.
That's all.

CHAI RVAN HALL: M. Turner, first, again, |let
me thank you for your assistance to the Board and your
patience in this testinony this afternoon. | have a
few questions, however, and | hope they will be -- by
nature they will be less conplicated than the ones that
you got from M. Marx.

But is the rudder system that was on the
flight, the USAir 427, essentially the sane rudder that
was on the Colorado Springs flight?

THE W TNESS: It's the sanme rudder system
with very mnor detail differences on every Boeing 737
ai rpl ane and every nodel .

CHAI RVAN HALL: Were there any changes then
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or what were the mnor nodifications that were nade
between the Colorado Springs and the USAir accidents?

THE W TNESS: Fl'ight 585 was a dash 200, |
believe, and this airplane is a dash 300. If there was
a change, it would have been in the yaw danmper
authority; 2 versus 3 degrees or sone change |ike that,
if there was a change.

CHAI RVAN HALL: @Galling, | gather, is related
primarily to wear. Is that correct?

THE W TNESS: Wll, ny definition of wear is
you rub the two pieces together and they both
di sappear . Gl ling would be where they tend to stick
t oget her.

CHAIRVAN HALL: And referring to Exhibit 9-M
which is a letter fromthe FMto then Chairman of the
Nati onal Transportation Safety Board on August 5th of
1993, which is pages 17 and 18, and I'll read it. It
says, "Since the issuance of this NPRM rul emaking, the
FM -- it's late.

"Since the issuance of this NPRM the FM has
reeval uated the design of the rudder control system on

the nmodel 727 and 737 series airplanes and has
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determ ned that the flight crew would be capabl e of
detecting the galling condition by (1) increased forced
necessary to nove the rudder peddle; (2) erratic nose
gear steering with the yaw danper engaged; (3) rudder
yaw danper ki ckback or yaw danper backdrives on the
rudder peddles during flight; and (4) erratic
operations of the rudder yaw danper or erratic rudder
oscillations with the yaw danmper engaged. None of
these indications of galling represents a safety
hazard. "

Nunber one, do you agree with the statenent
that flight crews would be able to detect galling by
t hose four methods; and secondly, do you agree that
none of those indications of galling represent a safety
hazard?

THE WTNESS: W had at |east one case where
the nut backed off. And when the nut backed off, the
package performed quite some tine. W think it was
about two years in a perfectly nornal fashion and woul d
have continued to operate until the seal wore out and
started to |leak hydraulic fluid.

So if you were to say is this 100 percent
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detectable by these four methods? There's at |east one
case where, no, it just unscrewed and cured itself
operationally and continued on down the road. Wether
if you go on and say these phenonenon that are
described here, are they extrene safety issues? The
answer is the magnitude of all of these phenomenon are
readily controlled by the flight crew and that's the
basis for the statenent.

CHAI RVAN HALL: Do you know based on this --
and | guess |I'll have to ask sonmebody probably with the
FM -- what was done in terns of notifying the airlines
and flight crew so that they would know to be able to
detect galling?

THE W TNESS: | can't answer that.

CHAI RVAN HALL: kay. |'ve been very
impressed with the anount of time that everyone has put
into both this accident and the Col orado Springs
accident. Was any additional failure analysis done in
ternms of the rudder system between those two accidents
and did you cone up with anything that you all felt
needed to be done as a result of that Colorado Springs

accident to that rudder?
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THE W TNESS: | guess in answer to that is
that we continuously look at and nonitor the system for
failures, look at things that are potentia
i nprovenents. And no, we did not conme up with specific
changes that we wanted to do to the rudder system as a
result of 585.

CHAI RVAN HALL: But you nentioned you may be
comng up, as a result of this situation, with a
recomendation. You' re not exactly sure what that
m ght be. Is there any type of tinme franme?

I know there's other work to be continued as
part of this investigation. Do you feel Ilike that
there is anything additional that you need to do, any
other tests, failure analysis or any other technica
things that need to be done in this regard?

THE WTNESS: Not in the areas that |'m
responsi ble for, no.

CHAI RVAN HALL:  Very well. Again, let nme
thank you for the -- 1 think you' ve been up here over
two hours. You have been very responsive and |
appreciate it very, very much, as |I'm sure the rest of

t he panel does.
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If there are no other questions, you are

excused, sir. Thank you very nuch, again.
(Wtness excused.)

CHAILRVAN HALL: It is 5 11. W wll convene
for one nore witness today and reconvene at 5:30.

Personally, | want everyone to know that |
was opposed to having one nore wtness, but M. Haueter
insisted that we have one nore wtness today. And
therefore, those of you who are patient and want to
continue to stay with us, we'll see you back here at
5: 30.

(Whereupon, a recess was taken.)

CHAI RVAN  HALL: If we could begin to
reassenble, those who would like to join us for the
| ate session.

W' Il reconvene the hearing and ask M. Shih
Sheng to please approach as the next w tness.

M. Sheng is a Rudder PCU, Power Contro
Unit, Design Engineer with the Parker Hannifin
Corporation in Irvine, California.

(Wtness testinony continues on the next

page. |
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SH H YUNG SHENG RUDDER PCU DESI GN ENG NEER, PARKER

HANNI FI N CORPCRATI ON, | RVINE, CALI FORNI A

(Wher eupon,
SH H YUNG SHENG
was called as a witness by and on behalf of the NISB,
and, after having been duly sworn, wa exam ned and
testified on his oath as follows:)
CHAI RVAN HALL: M. Schleede, if you would
begi n the questi oni ng.

MR SCHLEEDE: Gve us your full nane, M.

Sheng?

THE WTNESS: Yung Sheng.

CHAIRVAN HALL: Wbuld you please say that
again, sir. |'m sorry. The m crophone was not on.

THE WTNESS: M name is Yung Sheng.

MR SCHLEEDE: Wuld you give us a brief
description of your background that qualifies you for
your position at Parker Hannifin?

THE W TNESS: I''m working for Parker Hannifin
with the Control System Division. M background, I

have a master of mechanical engineering degree from UC
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Ber kel ey.

MR SCHLEEDE: How | ong have you worked for
Par ker Hannifin?

THE WTNESS: Thirty-one years.

MR SCHLEEDE: Thank you. M. Phillips wll
pr oceed.

MR. PH LLIPS: M. Sheng, | appreciate your
sticking with us here.

Just a few questions. First of all, | guess
in our introduction we call you a Rudder PCU Design
Engi neer. That's probably not quite accurate. \Wat do
you do for Parker in your day-to-day business?

THE WTNESS: Wen | started as a young
engineer, | joined design teans working on all
different PCU designs, but currently ny position is
seni or nmenber of Technical Staff. | provide all
techni cal support to different projects within our
di vi si on.

MR PHI LLI PS: So you act as an advisor to
ot her engi neering groups w thin Parker on several
different actuator packages?

THE W TNESS:  VYes. | just help them
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MR PHI LLI PS: Just hel p them out.

You're aware -- 1 guess you shoul d ask, does
Par ker manufacture the main rudder power control wunit
for the 737 aircraft?

THE W TNESS: Yes.

MR PH LLIPS: What other units do they
manuf acture for the 737?

THE WTNESS: The aileron and the el evator
control wunits.

MR PHILLIPS: Aileron and elevator contro
units.  Ckay.

Par ker also manufacturers actuators and
conponents for several other aircraft that you' ve
worked on. Could you just give ne a brief summary of
the other kinds of packages you work on and the
aircraft that they're used on?

THE W TNESS: Quite a few. First, 707
rudder, then sone '27 rudders and el evators, and 747
i nboard el evator, outboard elevator. On the SP, 747-
SP, in addition to the elevator, the rudders also.
Then on the 747-400, the inboard elevator, outboard

el evator, both rudders with the control nodel.
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That is the Boeing hardware.

MR PHILLI PS: Ckay.

THE W TNESS: You want another list?

MR PH LLIPS: Wl

list of each conponent, but

I, we don't really need the

what other aircraft

manuf acturers do you make conponents for?

THE W TNESS: The aircraft?

MR PHI LLI PS: Just the conpany, not the

manuf act urers. Not the particular airplanes, but the -

THE W TNESS: DC-10, the whole controls; in

the 11, the stabilizer. The @Qulf Stream 2, all the

control s. Quite a few.

Now, mlitary part

controls. S-38, all controls.

Bl ack Hawk, all controls; Ap

long Ilist.

MR PH LLIPS:  Yes.

s, we have C5's, all

ache, all

Hel i copters, like the

controls. It's a

That's obvi ous.

In sone reporting concerning this accident,

the USAir 427 accident, there was sone reporting of a

c-141, | believe, actuator p

was nade that that was a Par
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To your know edge, does Parker manufacture a
rudder power control unit for the G 141 airpl ane?

THE W TNESS: It"s not nmy know edge, but |
don't know which one you're tal king about. c-130.

MR PH LLIPS: You nake a C 130 package?

THE W TNESS: No. I"'msorry. This is the
recent accident?

MR PH LLIPS: No. This was a report in the
nmedi a concerning a rudder package that Parker --
supposedly Parker manufactured that was installed in
the C 141.

THE W TNESS: | don't have the know edge of
t hat .

MR PHILLI PS: From your initial testinony,
it's obvious that Parker makes a | ot of conponents.

How do they make a conponent? Wat starts a conponent
bei ng made a Parker?

THE WTNESS: Ckay. Wen custoner need a new
PCU, they create what we call specification. Sone of
the custoners call procurenent specification and we
cal |l spec. Then we prepare a proposal design and

propose to the custoner.

CAPI TAL HILL REPORTING |NC,
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Normally it's open bid. And sonetines our
customer just give us the job. But anyway, after we
receive the job and create a design, we will neet the
customer specification requirenents.

MR PHLLIPS: And in this specification
requirenent, what kinds of things are you given to work
wth? Are you given drawings to nmanufacture the parts?
Are you given just design criteria that you try to neet
at the end?

THE WTNESS: Conmercial designs, normally we
receive a schematic already that tells you how the
system | ooks like. And they give you an envel ope to
tell you how nuch space they've got. And they give us
bench guidelines and requirenents, so you design and
calculate to these requirenents.

MR PHI LLIPS: Wen you neet the
requirenents, you create a designed for specification,
does Parker have control of the engineering that
defines the conmponents being manufactured? In other
words, is it Parker's decision that certain conponents
are used, certain materials are used? Exactly how does

t hat happen?

CAPI TAL HILL REPORTING | NC,
(202) 466- 9500



10

11

12

13

14

15

16

17

18

19

20

21

22

THE WTNESS: The specification defines the
performance and certain material restrictions. W have
sonme variation we can take to try to neet the
per f or mance requirenent.

MR PHILLI PS: Do the manufacturers who
generate the specification to Parker, do they
participate in the design of the package if there are
specification changes?

THE WTNESS: They w |l design review our
design and nornmally there's a PDR, we call primary
design review. Then follows a CDR critical design
review. So the custoner has to approve our design.
Some of the customers even approve our detailed design.

MR PHI LLI PS: | see. Once the package is
desi gned and approved and goes into service with the
airlines, what's Parker's interaction then with both
t he manufacturer and the airlines?

THE WTNESS: That part I'mnot too famliar
wthit. ['min the design section. This would be in
t he service section.

MR PHI LLI PS: | see. So you're nore

involved with the specific design of the new
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specification and a package before it goes into
service?

THE W TNESS: Yes.

MR PHI LLIPS: Have you been involved wth
the Colorado Springs investigation or the Pittsburgh
acci dent investigation?

THE WTNESS: One day when M. Steve Wik was
not available, so they call ne to support the
i nvesti gation. So | was there.

MR PHLLIPS: That was the day everyone got

sick?

THE W TNESS: Yes.

MR PHILLI PS: I guess we don't need to go
into that. So you cane in as an advisor to M. Wik --

THE W TNESS: That's right.

MR PHILLI PS: -- because he was out sick
that day?

THE W TNESS: Yes.

MR PHLLIPS: Wat's been your invol venent
over the years at Parker in the design of the 737 main
rudder PCU?

THE WTNESS: The 737 design, | just work on

CAPI TAL HILL REPORTING, |NC.
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the |inkage, you know, all the |inkage designs were
made by ne.

MR PH LLIPS: And the linkages are the --
could you tell us what they are?

THE WTNESS: Al the noving parts.

MR PHLLIPS: Al the noving parts?

549

THE WTNESS: Al the noving |inkages you saw

on Bernie's presentation.

MR PHI LLI PS: kay. Should we throw the
vi ewgr aph up just to show what we're tal king about? |
see a notion that way. | think one nore flip -- and
one nore. There we go.

THE WTNESS: Wthin this picture, only the
main control valve and the ball piston and the nain
pi ston. That all belongs to the linkage. The rest of
the unit in the picture -- the rest of it belongs to
the linkage system and that was designed by ne.

MR PHI LLI PS: So we're |ooking at sone of
your original design there?

THE W TNESS: Yes.

MR PHI LLI PS: Have any of those parts ever

been used on another conponent manufactured by Parker?
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THE W TNESS: No.

MR PH LLIPS: They were unique to this unit,
t hi s package?

THE WTNESS: Yes. You're right.

MR PHILLIPS: Wen you design |inkages and
conponents like that, what kind of criteria do you use
for knowi ng how to design then?

THE W TNESS: For |inkage design, first you
have to know the input geonetry and also you have to
know t he out put geonetry. How nmuch the pilot input to
give how much the actual output. You have to know that
geonetry.

Then you have to know the autodynam cs, so
you design the linkage to provide the velocity output
of the actuator, which nmeets the dynam c requirenents.
It involves quite a bit of |inkage designs; geonetry,
motion, through the whole range. It's very
conpl i cat ed.

MR PHLLIPS: Yes. And are you involved in
selecting the materials for the |inkages?

THE W TNESS: Yes.

MR PHLLIPS: The testing that's done after

CAPI TAL HILL REPORTING, |NC.
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the design is conplete to assure that the materials
neet those specifications, do you control that testing?
Are you involved in that?

THE WTNESS: W call qualification test. |
help our qualification departnent to run the test.

MR PHI LLI PS: So the unit is manufactured
and then it's tested to a test for performance. In
that process, is the manufacturer still involved in
identifying and developing the qualification test plan
or procedures?

THE W TNESS: Yes.

MR PH LLIPS: Wuld you be prepared or is it
in your experience to talk about the effects of
contam nation or particles getting into control valves?

THE W TNESS: I"'mnot an expert in that area,
but we have a filter in front of the inlet. So
normally the fluid is pretty clean when we reach the
conponent s.

MR PHI LLI PS: In the service departnent or
the support of the PCU as it's in service with the
airlines, although it's not your area, are there ways

that information that conmes back from the airlines can
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get back to you so that you know when your design needs
to be nodified or if it needs to be inproved?

THE WTNESS: Nornally, they were not sent to
me. Unless | request them they will give it to ne.

MR PHILLI PS: If you requested it, they
would give it to you?

THE W TNESS: Ch, yes.

MR PHILLI PS: G herwise it's in other
peopl e's hands to review?

THE WTNESS: That's right.

MR PHILLI PS: In your opinion, is this main
rudder power control unit used on the 737, is it a
uni que design? Is it different than any other design
out there?

THE WTNESS: The actual design principle,
basically is very common to all actuator designs. The
principle is very common. It"s just like your car's
power steering. The power steering has a sole valve, a
i nkage, just like that.

So the application for this particular unit
to just fit the 737.

MR PHI LLI PS:; Has a unit like this been used

CAPI TAL HILL REPORTING | NC,
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on any other airplane after the 737?

THE WTNESS: Not this particular unit.

MR PHI LLI PS: Not this particular unit.

My advisors here are asking ne to ask you to
maybe discuss a little bit the function of the dual
spools in the servo control valve. Coul d you j ust
generally give us an overview of in a control valve why
we have dual concentric spool s?

THE W TNESS: Because the design requirenent,
as | renmenber, it says there's no one single failure.

It endangers the rudder system So M. Turner already
explained to you if the primary jans or the secondary,
then the secondary can reverse the direction and wll
sol ve the actuator

MR PHI LLI PS: I's this dual concentric
control valve used on other Parker PCU s?

THE W TNESS: Yes.

MR PHI LLIPS: And which ones are those?

THE WTNESS: The first one is 727 elevator
Then it's 707 rudder, then 737 rudder. That's this
one. The next one is the 747 inboard el evator

As | renenber the 737 A and E, the aileron
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and elevator unit also got the dual concentric valve.

MR PHLLIPS: After the Colorado Springs
accident investigation the NTSB wote a safety
recomrendati on asking the FMto review and Boeing to
review dual concentric servo valve designs manufactured
by Parker in regards to failure conditions.

Were you involved in that review or were you
aware that that recommendati on had been made and a
review was being conducted?

THE W TNESS: | studied the design and hel ped
to nodify the design. But as far as the whole review,
| participated in that.

MR PHLLIPS: You did participate in that?

THE W TNESS: Yes.

MR PHLLIPS: And you also were involved in
nodi fying the design of the 737 PCU after the Col orado
Springs event?

THE WTNESS: Yes. That's correct.

MR PHILLI PS: In the original -- in the Ilist
that you just gave ne of other dual concentric valves
manuf actured by Parker, are there any significant

differences in specifications or tolerances, clearances
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and things in those valves or are they all generally
the same?

THE W TNESS: CGenerally, they're all sane.

MR PHI LLI PS: Do you have anything el se
you'd like to add, any other area that | haven't
covered you'd like to discuss?

THE W TNESS: No.

MR PH LLIPS:  Thank you very nuch. | have
no further questions.

CHAI RVAN HALL: Do the parties have questions
of this w tness?

(No response.)

| see no hands.

M. Marx?

MR MARX I just have a few quick questions.

The linkage that you design on the 737, is
that a redundant |inkage or each one of those --

THE W TNESS: Yes.

MR MARX -- links thenselves, if one breaks
-- | nmean, would you just explain the design?

THE WTNESS: They're all redundant. They

all have dual |oad paths.
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MR MARX So each one of the individua
conponents have a dual or |ike two conponents in one.
I's that correct?

THE WTNESS: Yes. (kay. The first piece is
the external summing |ever. It's actually got four
pi eces bound together. The external summng lever. In

the picture you don't see the actual four pieces bound

t oget her. In the next one you have the link. You have
two pieces bond against each other. They're riveted
t oget her.

MR MARX:  And each one of those individual
pi eces that are bonded together can carry the full |oad
of the |ink?

THE WTNESS: Yes. That's right. And the
shaft, actually you' ve got two shafts, one inside each
other -- one inside the other.

MR MARX: In the linkage itself, is this al
an open air or to the anbient environnment?

THE W TNESS: External |inkage; yes.

MR MARX:  And what about the interna
| i nkage?

THE W TNESS: It"s in the |inkage cavity,
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which is the return fluid.

MR MARX:  Ckay. The linkage cavity would be
that which would have the sunmng |levers in thenf

THE WTNESS: The internal summ ng |evers.

MR MARX Is there any place in that |inkage
that can cause or can be a source of binding or
sticking in the linkage itself that can cause sone type
of jan?

THE W TNESS: [''mnot aware of that.

MR MARX Is there any place in the |inkage
that it cones close to other conmponents in which
sonet hing could get stuck in between that and anot her
spot and cause a janf

THE W TNESS: Since the linkage cavity is
isolated, the foreign particle would not get into that,
so there's no foreign object that will cause the
j anm ng.

MR MARX:  Ckay. | have no further
questi ons.

CHAI RVAN HALL: M. dark?

MR CLARK:  You described a nunber of

packages that Parker designs that go on various
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airplanes and | |ost track. Do you build the packages
that are used on the rudder systens on the 727?

THE W TNESS: Yes.

MR CLARK: So there's two systens for each
airplane in that design?

THE WTNESS: Two rudders. One upper rudder
one | ower rudder.

MR CLARK: I's that rudder system simlar to
t he rudder systemon the 737?

THE W TNESS: No.

MR CLARK: It'"s not a derivative or the body
of the actuator the same part nunber or a simlar part
nunber ?

THE WTNESS: The valve is conpletely
different.

MR CLARK:  The valve is the servo valve?

THE WTNESS: The nmain control valve

MR CLARK:  The main controll valve is
conpletely different.

THE WTNESS: Conpletely different. [t's a
single slide. It"s not a valve in a valve.

MR CLARK: Is the actuator itself, the
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al though they may be different in size or there may be
differences that create a different part nunber?
THE W TNESS: It's a conpletely different
part nunber. None of them can interchange
MR CLARK: If you suspected a design
problem for exanple, in the 737 package, would that

lead you to look for simlarities in the 727 package

t hen?
THE WTNESS: You're talking the 727 rudder?
MR CLARK:  Yes.
THE W TNESS: I"'m not aware of any problem on
t hat .
MR CLARK: If you found -- | guess I'm

asking for the simlarities of design and you're
indicating they are quite dissimlar.

THE W TNESS: Not sane.

MR CLARK: Ckay. Not the sanme at all.
kay.  Thank you.

THE W TNESS: Not simlar.

MR CLARK:  You also said that the dual

concentric valve is used on several different designs.
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Are all of those dual concentric valves a derivative of
the one that is on the 737 or are they simlar or
simlar part nunbers?

THE WTNESS: The principle's the sane.

MR CLARK: The principle s the sane but
they're different designs?

THE WTNESS: The design is different.

MR CLARK: Every one of those others are
conpletely different then?

THE WTNESS: The 737 and 727 a little close,
but still not sane.

MR CLARK: It's hard to quantify what is a
little close. Does the external package of the valve
| ook the sane or does it start with the sane -- simlar
parts and give them different part nunbers for slight
differences in size?

THE WTNESS: The main difference in the 727
there is no external |inkage stop because there is no
yaw danper on that.

MR CLARK Do you incorporate the sunm ng
| ever design -- well, that goes back to the rudder

package itself. I's that summ ng |ever design used on
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ot her packages ot her than the 737?

THE W TNESS: | didn't follow your question.

MR. CLARK:  You design the summing |evers on
the 737 rudder package?

THE W TNESS: Yes.

MR. CLARK: Are those summing |evers used on
ot her --

THE W TNESS: No.

MR, CLARK: Conpletely different?

THE WTNESS: Conpletely different.

MR CLARK: Now, back to the concentric
valve. For the 737 design in the rudder package, a
simlar design is used on the 727 for what part? The
el evator?

THE WTNESS: The elevator. Yes.

MR, CLARK: Are you aware of any failure
nodes or failures or malfunctioning servo valves on the
737 rudder package?

THE W TNESS: Yes.

MR. CLARK: Wuld you describe those?

THE WTNESS: One unit in the extrenme extrene

worst condition, the pressure can reverse.
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MR CLARK: Ckay. That's a -- is that from
the MacMore unit? That design?

THE W TNESS: Yes.

MR CLARK: And that's the only type of

design -- that's the only unit you' re aware of in the -

THE WTNESS: That's the only unit |I'm aware
of .

MR CLARK: And that was one that becane
apparent in the investigation of the Col orado Springs
accident or an outgrowth of that?

THE W TNESS: During the investigation. Yes

MR CLARK For the other dual concentric
valves that are used on those other airplanes, are you
aware of any types of failures that have occurred on
t hose val ves?

THE W TNESS: | don't have the know edge.

MR. CLARK:  You would not be the person to
ask for that?

THE W TNESS: Ri ght.

MR, CLARK:  (xay. | have no further

questi ons.
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CHAl RVAN HALL: M. Schl eede?

MR,  SCHLEEDE: Ckay. Sir, are you aware if
there's any testing done during initial design phase
and certification for the PCU unit, including the servo
valve, for chip shear? Janmmng of the servo valve from
chi ps?

THE W TNESS: I don't have the know edge.

MR SCHLEEDE: You're not aware of that?

THE W TNESS: | don't know. Maybe there is,
but in those days |I was not involved in the valve area,
so | don't have any idea if they did or not.

MR SCHLEEDE: WAs there any other testing
for mechanical failures in any of the other |inkages,
full scale testing for jans?

THE WTNESS: W test to the specs limt
| oad.

MR SCHLEEDE: Are you aware of any -- you
may have answered this question -- of any mal functions
or janms or conditions of that type in the sunm ng
levers, in the linkages of the PCU that could cause a
runaway rudder?

THE W TNESS: Not on the 737.
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MR, SCHLEEDE: You're not aware of any
occurrences?

THE WTNESS: Not aware. Even we tried to
find some, but no.

MR SCHLEEDE: kay. Are you a designated
engi neering representative for the FM

THE W TNESS: No.

MR SCHLEEDE: Do service difficulties that
are reported with these products that you work on, are
they reported to you?

THE W TNESS: No. They report to the
proj ects.

MR, SCHLEEDE: To which office?

THE W TNESS: To the project.

MR SCHLEEDE: Proj ect engineers?

THE W TNESS: Yes

MR SCHLEEDE: That's all | have. Thank you.

CHAIRVAN HALL: M. Sheng, you desiigned this.
You're the original designer, correct, of the power --

THE WTNESS: Just the |inkage.

CHAI RVAN HALL: O the |inkage. Ckay.

And | may be getting -- | may need to address
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these questions to M. Wite tonorrow, but | had the

pl easure of going to visit your office

noti ced that

bei ng br ought

they are constantly --

in to be serviced.

in Irvine and |

these units are

Do you or are you

made aware of any of the units if there was problem

with galling or

second sl ab?

a problemwth the secondary -- the

I's that anything that would be brought to

your attention or what's the process since you have

expertise in this area.

actual Iy brought

THE W TNESS:

servi ce division. I'min

di fferent divisions.

ot herw se |

parties have any additiona

Hanni fin have any questions for

late in the evening and you're excused.

nmuch.

The unit

to different

brought back is

di visions, which is the

the -- division. So

Unl ess | request

w Il not get them

CHAI RVAN HALL:

(

M.

No response.)

Al right.

questi ons?
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Does Par ker

this wtness?

Sheng, we appreciate you comng on So

Thank you very

(Wtness excused.)
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CHAIRVAN HALL: This hearing will reconvene
at 830 aam in the norning to begin with the testinony
of M. Paul dine.
(Whereupon, the proceedings were adjourned at
6:02 p.m, to be reconvened at 8:30 a.m on \Wednesday,

January 25, 1995 in the sanme place.)
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